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EXPERIMENTAL VEGETATION. 


1. INTRODUCTION. 


SCOPE AND PLAN. 


The investigations that have led to the development of the phytometer 
and the experimental method in vegetation are companion efforts in the en- 
deavor to organize ecology as a quantitative science. No subject has suf- 
fered more from the lack of training and experience or from the absence of 
basic procedure and adequate perspective. It has become obvious that this 
condition can be remedied and actual progress insured only by instrumental 
and experimental methods and by a combination of intensive and extensive 
studies that will check superficiality on the one hand and broaden limited 
horizons on the other. It is certain that much work of purely superficial or 
local character will continue to be done under the name of ecology, but the 
touchstones of instrument, quadrat, and experiment afford a ready means of 
eliminating such papers from consideration. No study deserves to be called 
ecological that does not deal with the cause-and-effect relation of habitat and 
organism in a quantitative and objective manner. 

The task of focusing the efforts of the ecologist upon the habitat as cause 
and the plant and community as effect and reaction furnishes the theme for 
four related studies, namely, phytometers, experimental vegetation, climatic 
cycles, and changes of climate and climax. The first two constitute an 
endeavor to employ plant and community as the best measures of cause and 
reaction, while the last two emphasize the fundamental significance of change 
as the proper approach to this complex of problems. 


PRINCIPLES. 


The basic guides in this task are the cause-and-effect relation on the one 
hand and the cyclic nature of change on the other. The former is paramount 
in every ecological problem, since investigation that does not deal directly 
and constantly with causes lacks the very essence of science. However, in 
dealing with processes in a way that is at once complete and synthetic, ecology 
must not overlook the fact that both cause and effect must be inseparably 
associated and that effect sometimes affords the readier approach to the prob- 
lem. It is equally essential that ecology be treated as inherently dynamic, 
that change in some degree or at some rate be regarded as universal, and that 
such changes be recognized as recurrent or cyclic, both as cause and in effect. 
The fact has elsewhere been emphasized that effects in turn produce reactions, 
which consequently become causal to the extent that they modify the original 
causes (Plant Succession, 79). This constitutes the basic cycle which finds 
its expression in the larger cycle of the sere. Thus, succession is an intrinsic 
function of all vegetation, though the shifting of climaxes is a matter of thou- 
sands or tens of thousands of years rather than of scores in the subsere or 
hundreds in the prisere. 
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The cyclic changes of the habitat are likewise reflected in the individual and 
the species. Adjustment and adaptation are clearly cyclic processes, and 
this is even more evident in the major evolutions of groups and floras. As 
the consequence of reaction and competition in the sere and of climatic shift 
in the major seres, invasion is necessarily cyclic and finds its typical expression 
in terms of dominant and relict phases. Finally, cyclic changes serve to 
link the present with the past in such a broadly continuous fashion that the 
gap between them disappears and such terms as ecology and paleo-ecology 
are seen to be mere conveniences. 


METHODS. 


The methods of experimental vegetation are based on the processes inher- 
ent in the natural development of vegetation, but segregated and controlled 
in such a way as to reveal the value and significance of each individual step 
or process. This is even true of migration, regarded merely as transport, 
the difference in the réle of man as an unintentional or purposeful agent being 
immaterial, except as to the number and fate of the migrules. The most 
exact evidence as to the nature and success of invasion and ecesis is doubtless 
that to be obtained in the form of natural experiments, but except in the case 
of propagules these are difficult to discover outside of ecotones and are alto- 
gether absent from the typical areas of great associations. Hence, the only 
feasible procedure is to approximate the method of natural experiment as 
closely as possible, bearing in mind that the numbers must be large enough 
to insure against complete loss. Moreover, it must be recognized that arti- 
ficial aids to ecesis, such as watering, screening, etc., fall well within the vari- 
ation of factors in nature and are in consequence more or less natural. 

The basic methods of experimental vegetation are as follows: (1) sowing 
seeds; (2) planting seeds or propagules; (3) planting seedlings; (4) transplant- 
ing adult plants of various ages; (5) transplanting small communities or por- 
tions of communities. The converse of this is to be found in the method of 
denuded quadrats and transects, but as this is primarily a question of ecesis 
within a community, it has not been extensively employed in the present 
study. The accessory methods involve the use or manipulation of (1) com- 
petition; (2) physical factors; (3) protection against animals; (4) instruments; 
(5) phytometers; (6) seasons and cycles. Time also enters the equation, inas- 
much as germination and the ecesis of seedlings are periods of the greatest 
stress. Various ways are available for reducing or eliminating competition 
and modifying the physical factors, but the following have proved the sim- 
plest and most satisfactory, viz: (1) sowing on the surface in the midst of 
natural vegetation; (2) sowing or planting in trenches, by which competition 
is prevented for a short time; (8) sowing or planting in denuded quadrats, 
which eliminates competition for a much longer period, but renders the water 
relations usually less favorable at the same time that it improves light con- 
ditions; (4) transplanting adult plants into living cover or denuded areas, 
with similar consequences as to competition, water, and light; (5) improving 
the conditions for germination, establishment, or survival by watering, shad- 
ing, thinning, draining, etc. A full battery of recording instruments is indis- 
pensable and must be supplemented by determinations of chresard, evapora- 
tion, and light intensity in all cases, and of salts and air-content whenever 
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these are controlling. Equally essential are phytometers of various types 
to serve as interpreters between the physical instruments and the natural 
cover on the one hand, and the transplants on the other. Furthermore, the 
differences between seasons and the wet and dry phases of the climatic cycle 
must be taken into definite consideration, as they are often greater than the 
climatic differences between the several grassland associations or even between 
formations. Finally, a clear distinction must be drawn between persistence 
and dominance, the former indicating the potential and the latter the actual 
role of a species in the climax. 


F VALUES. 


The basic value of the experimental method in vegetation is evident, but 
its far-reaching significance warrants detailed consideration. While its first 
importance inheres in its being indispensable in the search for causes, the 
problems of the origin, unity, and relationship of formations and associations 
and their correlation with climate can be solved objectively and permanently 
in no other way. In fact, the objectivity afforded by comprehensive and 
repeated experiment is the paramount reason for its constant and universal 
use. The opinions and hypotheses arising from observation are often inter- 
esting and suggestive and may even have permanent value, but ecology can 
be built upon a lasting foundation solely by means of experiment. This does 
not mean that observation and reconnaissance have no value, but such results 
are to be regarded as provisional, pending adequate experimental study. Still 
less does it mean that hypothesis and theory are to have no part in an exact 
and quantitative ecology. Such a view is possible only to those who ignore 
the decisive réle that theory has played in the development of modern chem- 
istry and physics and are unfamiliar with its essential stimulus in the ad- 
vance of biology. 

The study of vegetation demands the use of experiment to even a greater 
degree than that of the plant, owing to the complexity and extent of the great 
communities and the consequent opportunity for making general observations 
and forming unchecked opinions. Moreover, it must be fully recognized 
that the intensive-extensive method of investigation applies with peculiar 
force to the plant community, since it was developed for the express purpose 
of turning complexity and extent to the advantage of thorough and detailed 
analysis. As a procedure, it has been fully justified by the experience of 
years in the vegetation of western North America, in which the extensive 
results of constant field studies have given perspective and balance as well 
as new points of departure to the results of the laboratory and station, and 
the latter have served to refine and definitize the natural experiments and 
observations over a vast territory. 


THE GRASSLAND CLIMAX. 


The development of the views as to the nature and structure of the grass- 
lands of North America illustrates the need of objective methods of determin- 
ing vegetation units and their relationships. This is all the more convincing, 
since the ecological investigation of the prairie and plains has been the work 
of a group with the same general training and outlook. In the first analysis 
of the grassland, Pound and Clements (1898:243, 1900:347) recognized twe 
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prairie formations, viz, the prairie-grass and the buffalo-grass formations, a 
bunch-grass formation of the sandhills, and a meadow formation. In the 
light of successional studies, the last two are to be regarded as subclimaxes. 
In a few years (Clements, 1902) it had become clear that the prairie-grass 
or Stipa-Agropyrum formation and the buffalo-grass or Bulbilis-Boutelowa 
formation were the two great communities of the prairie-plains region. 
This was essentially the view also of Shantz (1906, 1911) and of Pool (1914). 
This conception was maintained in Plant Succession (180, cf. note) after 
many additional years of successional research. However, the developmental 
concept of the formation had broadened its scope and afforded a clearer view 
of its structure. As a consequence of the special study of these relations, it 
became necessary to abandon the view of two separate grassland formations 
and to recognize a single formation composed of several associations. Mean- 
while, it had become increasingly evident that the Agropyrum consociation 
of the Northwest was closely related to the Stipa-Agropyrum prairie. This 
was first suggested by finding the three dominants associated from Washing- 
ton to Montana during the field work of 1914, a view adopted by Weaver, 
who had worked intensively in this community (1917:40). This idea was 
confirmed by further studies in 1917, but the true relationship was obscure 
until it became certain in 1918 that Stipa setigera and S. eminens were the 
original bunch-grasses of California. As a consequence, it proved possible 
to recognize a fourth grassland association, composed of bunch-grasses and 
characteristic of the Pacific region of winter precipitation (Plant Indicators, 
115). By means of extensive field work and the comparative study of com- 
munities, the actual relationship of the grassland units was determined, but 
the experimental method might well have accomplished in 5 years what obser- 
vation required 20 years to attain. 


TESTS OF UNITY. 


In reaching the conclusion that the grasslands constitute a single climax 
formation and not several more or less related but distinct units, recourse was 
had to a number of tests, all as objective as possible. 


“The conclusion that the grassland is a single great climax formation is based in 
the first place on the fact that the three most important dominants, Stipa, Bouteloua, 
and Agropyrum, extend over most of the area, and one or the other is present in 
practically every association of it. This would seem the most conclusive evidence 
possible, short of actual vegetation experiments, that the grassland is a climatic vege- 
tation unit. Equally cogent is the fact that these dominants, together with Carez, 
Bulbilis, and Koeleria, mix and alternate in various groupings throughout the Stipa- 
Bouteloua association. Indeed, this association appears so conclusive as to the gen- 
eral formational equivalence of these seven dominants that it is regarded as the 
typical or base association. In addition, the characteristic societies either extend 
through several of the associations or are represented by corresponding communities 
belonging to the same genus. The relation of the associations to such subclimax 
species as Andropogon scoparius, Calamovilfa longifolia, Aristida purpurea, and Elymus 
sitanion further confirms the relationship of the dominants. The most obvious differ- 
ence between the various associations is exhibited by the tall-grass prairies, Stipa- 
Koeleria poium, and the short-grass plains, Bulbilis-Bouteloua poium. Yet these 
are closely related, as shown not only by the criteria given above, but also by their 
geographical contact. Still more eloquent is the fact that grazing favors Boutelowa 
and Bulbilis at the expense of Stipa and Agropyrum, and thus frequently converts the 
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base association of Stipa-Bouteloua into a pure short-grass cover. Concrete evidence 
of this has been obtained in widely separated areas and has led to the working hypoth- 
esis that a pure short-grass community is partly if not largely a response to over- 
grazing.” (Plant Indicators, 115.) 


FURTHER EVIDENCE. 


In the six years since the above was written, a large amount of additional 
evidence has been accumulated as to the unity of the grassland and the 
close phylogenetic relationship of its associations, quite apart from the experi- 
mental results brought forward later. In fact, the detailed field study of 
the ranges of the dominants makes it clear that the associations are even 
more closely related than was at first supposed, and the problem becomes one 
of maintaining several of these units as distinct rather than one of justifying 
their inclusion in the same formation. The number of dominants common to 
contiguous units has steadily increased, as well as the areas concerned. The 
most unique of the associations, the short-grass plains, has been shown to be 
a recent modification of mixed prairie due to overgrazing and has been more 
closely connected with the desert plains. The widéspread dominants that 
occur in all the climatic associations have increased in number and now com- 
prise Stipa comata, Agropyrum glaucum, Boutelowa gracilis, B. racemosa, 
Sporobolus cryptandrus, and Koeleria cristata. 

Even more striking has been the evidence drawn from relicts and from sea- 
sonal variations arising out of the climatic cycle (Clements, 1921, 1922, 1923). 
These are the results of natural experiments on a scale and over an area that 
can not even be approximated by the experimenter, and their value is of the 
greatest, especially when supplemented by control experiments. In addition, 
the repetition and checking that are so indispensable are not only provided 
by recurrence in thousands of localities, but particularly also by the wide 
variation in behavior from season to season at the wet and dry phases of the 
climatic cycle. Of the first and the most direct importance are the relicts 
produced by overgrazing and by rodents, since these factors have operated 
directly upon the normal climax. Such relicts permit the complete recon- 
struction of the original community, both as to structure and extent. Indeed, 
this is usually done in the most graphic fashion by nature herself during sea- 
sons or phases of excessive rainfall, and when a drought period of several 
years is followed immediately by a year of exceptional rainfall, as happened 
from 1916-1919, a revealing picture is obtained. The expansion and con- 
traction of relict areas at such a time reproduces in miniature what occurs 
during the wet and dry phase of a major climatic shift extending over a period 
of a thousand years or more. In the light of grazing relicts and cyclic changes 
it has proved possible to reconstruct all the grassland associations in detail 
as they were before the historical period in the West. Furthermore, recon- 
struction has been carried much farther back to a time probably 10,000 to 
20,000 years ago, when the differentiation of the grassland mass into the 
various associations had barely begun. In short, the relict method confirms 
the view of the unity of the grassland climax by disclosing several stages in 
the differentiation of the original mass and affording a measure of the extent to 
which this has progressed. This is the theme of the volume on the changes 
of climate and grassland, and hence it will not be further elaborated here. 
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RELATIONSHIP OF THE ASSOCIATIONS. 


The above suffices to indicate what appears to be clearly proven by the 
detailed evidence, namely, that the relationship of the six communities of 
the grassland is a phylogenetic one. This seems almost obvious in the case 
of the subclimax prairie and the short-grass plains. The latter is demon- 
strably a grazing subclimax of the mixed prairie, though such a hard-pan area 
as that about Burlington may be an actual relict of a short-grass climax 
developed during the last major dry phase. On the other hand, the sub- 
climax prairie is just as clearly an eastward extension of the taller meadow- 
grasses from the true prairie, made in response to the same climatic shift 
and profiting by fire, especially during the prehistoric period. These changes 
are still so recent that the detailed steps can be readily followed, and similar 
adjustments can be traced between the other associstiona. However, the 
latter have been largely differentiated at an earlier period, and the phylo- 
genetic and geographic connections are less broad. 

The clue to the relationships of the four actual associations is to be found 
in the mixed prairie, which most nearly represents the original formation, and 
consequently affords a measure of the divergence of the others. The true 
prairie stands closest to the mixed prairie, Agropyrum glaucum and Koeleria 
cristata being common dominants, and the closely related Stipa spartea and 
S. comata, and Sporobolus asper and S. cryptandrus being reciprocal dominants 
in the two respectively. The chief difference lies in the fact that the short- 
grasses of the Stipa-Bouteloua association are usually absent, or form a frag- 
mentary layer in the true prairie, except where grazing has favored their 
spread. The bunch-grass association resembles the true prairie in the absence 
of the short-grasses, but its endemic dominants are naturally different, e. g., 
Agropyrum spicatum, Stipa setigera, and Festuca ovina in place of Stipa 
spartea and Sporobolus asper. Its cognate relation to the mixed prairie is 
shown by such common dominants as Sizpa comata, Agropyrum glaucum, and 
Koeleria cristata, and by the persistence to-day at the higher altitudes in the 
mixed prairie of such bunch-grasses as Stzpa setigera, S. eminens, and Festuca 
ovina. ‘The desert plains bear a close resemblance to the short-grass condition 
of the mixed prairie, the reduction of the upper layer of tall-grasses being more 
a matter of drought than of grazing. The close relationship of the two is 
shown by the dominance of Bouteloua in both, as well as by the fact that 
such tall-grasses as Sporobolus cryptandrus, Bouteloua racemosa, Stipa pen- 
nata, and S. comata persist as an upper layer in the desert plains wherever 
protection permits. Moreover, the relict areas in and about the Mohave 
Desert and Death Valley prove beyond doubt that the desert plains and bunch- 
grass associations were once in contact and that at an antecedent period they 
were commingled and probably identical (Clements, 1922, 1923). 


CLIMATIC UNITY. 


The fundamental fact in the relation of climaxes to climate is that this 
must be determined by plant judgments rather than by human ones (Plant 
Indicators, 116). This is necessarily truer of grasses than of trees, since their 
life-habits enable them to minimize or escape the rigors of winter as well as 
the dangers of the dry season of the year. Consequently, it should be regarded 
as neither strange nor perplexing to find such great grassland dominants as 
Bouteloua gracilis, Stipa comata, and Koeleria cristata ranging through a num- 
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ber of climates in the human sense. The human conception of a climate is 
loose enough at best, and it regularly ascribes much greater importance to 
temperature than to water relations. On the contrary, grasses are more 
responsive to differences of rainfall and evaporation than to those of tempera- 
ture, Bouteloua gracilis in particular ranging much more extensively in lati- 
tude than in longitude as a climatic dominant. This is confirmed by the 
construction of dominance maps of the chief grasses, which disclose the fact 
that the interruption or disappearance of a consociation is primarily a matter 
of water, a conclusion entirely supported by the present investigation. 

In addition, it must be recognized that obvious differences in the amount 
and distribution of rainfall may have slight significance for grasses. It is 
the amount and distribution during the growth period of the grass dominants 
that controls, and this is equally true of the effect of evaporation. The mixed 
prairie may range from 25 to 10 inches without undergoing any essential 
change in composition, owing to the fact that the period of development is 
shortened to fall within the limits of optimum water conditions. The exist- 
ence of two rainy seasons, as in southern Arizona, seems to indicate an impor- 
tant difference in climate, but the growth of the grassland is still an effect of 
the much more adequate summer rains. The rainfall of the Pacific Coast is 
of the winter type and at first thought appears entirely different. However, 
this is only apparently true in so far as the native bunch-grasses are con- 
cerned. These bear the same general relation to the spring rains as that pre- 
vailing in the mixed prairie, namely, development begins during the rains, 
followed by maturity and the drying of the aerial parts in late spring or early 
summer respectively. The differentiating effect of the peculiar distribution 
of rainfall has been recorded in the characteristic life-form, though the 
progressive assumption of the bunch-grass habit is revealed by the fact that 
it is found in practically all the dominants of the desert plains and in nearly 
all the tall-grasses of the mixed prairie. 


OBJECTIVES OF THE PRESENT INVESTIGATION. 


As has been already indicated, the primary purpose of these researches is 
to develop an experimental method that will combine the maximum of demon- 
strability and objectivity. Because of its size and apparent complexity, 
vegetation affords an open field for prepossession and interpretation, and its 
study can be made scientific in the proper degree only by the resolute employ- 
ment of experiment and measurement. ‘The special ends of this investigation 
are many, chief among which are the demonstration of the unity of the grass- 
land climax and climate, and the growing differentiation of the associations, 
partly in response to the subclimates and partly to the changes wrought directly 
or indirectly by man. It has also proved possible to cast further light upon 
the relationship of climatic and edaphic areas in the same region, as well as 
upon the significant réle of climatic cycles and communi'y shiftings in this. A 
special endeavor has been made to analyze competition in minuter detail and 
to evaluate more fully the effect of light intensity in a grassland cover. Par- 
ticular attention has been directed to germination, seasonal ecesis, and final 
survival, especially in relation to annual variations in climate. Finally, the 
entire study has been designed to exemplify a new aspect of the phytometer 
method, in which native species and communities have received the major 


emphasis. 
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STATIONS. 


LOCATION. 


The stations were chosen to represent typical conditions in each of the 
four grassland communities occurring in the vast area between the Missouri 
River and the Rocky Mountains. Lincoln, Nebraska, was selected as repre- 
sentative of true-prairie conditions. Aside from the matter of convenience 
in the use of the facilities of the Department of Botany of the University of 
Nebraska, the vegetation and environment of this region are better known 
than anywhere else in the grassland formation, due especially to continued 
study by Pound and Clements (1897, 1898, 1900), Clements (1905, 1907, 
1916, 1920), Pool (1914), Weaver (1917, 1919, 1920, 1921, 1922, 1923), and 
others. Phillipsburg, in north-central Kansas, was selected as representative 
of mixed-prairie conditions, while Burlington, in eastern Colorado, was chosen 
in the short-grass plains. Phillipsburg lies about 190 miles southwest of 
Lincoln, and Burlington about 180 miles further west and south, 10 miles 
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Fic. 1.—Map showing location of stations in the four grassland communities. 


west of the Kansas-Colorado State line (fig. 1). The altitude at the several 
stations rises from 1,100 feet at Lincoln to 1,900 feet at Phillipsburg and 
4,160 feet at Burlington. Precipitation, the chief factor in determining the 
type of vegetation, ranges from 28 to 23 and 17 inches at the respective sta- 
tions, decreasing westward. A fourth station was maintained at Nebraska 
City, Nebraska, about 50 miles southeast of Lincoln, near the Missouri River. 
Although the rainfall of 33 inches is sufficiently ample to produce scrubland 
or woodland, except for grazing, mowing, fires, etc., this station lies just 
within the border of the subclimax grassland and was chosen largely because 
of its ready accessibility. 

In addition to the four stations mentioned, considerable experimental work 
was carried on at the mixed-prairie station at the foot of Pike’s Peak near 
Colorado Springs, the Alpine Laboratory being used as a base. At Lincoln 
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a whole series of stations, ranging through gravel-knoll, high prairie, low 
prairie, salt-flat, swamp, and cultivated fields, was maintained. Moreover, 
reciprocal transplants from Tucson, Arizona, and Berkeley, California, have 
been made at many of the stations. 


TRUE-PRAIRIE STATIONS. 


The high-prairie station at Lincoln (plate 1) was located on a rather flat 
hilltop about 60 feet above the general level of the flood-plain of Salt Creek 
and 2 miles north of the city. The fertile soil is of the type commonly called 
loess, but is really a glacial drift. It is a silt-loam belonging to the Marshall 
series, with a moisture equivalent of about 28 per cent and a maximum water 
capacity of approximately 60 per cent. The mechanical and chemical analyses 
of soils taken from an adjacent field in the same area (Weaver, 1920:140) 
indicate its general characteristics (tables 1 and 2). 


TasiE t—Mechanical analysis of high-prairie soil. 


Coarse} Fine Fine Very 


Depth of sample. gravel.’| gravel. sand. fine Silt. Clay. 
sand. 

p. ct. p. ct p. ct Dacre Duicls DCs 

0.0 to 0.5 foot...... 0.0 0.0 6.0 26.1 39.3 24.7 
0.5 to 1.0 foot...... 0.0 0.0 St te) 21.8 38.4 32.6 
NeeGOm 2 fOObi nc ca-ee see 0.0 0.0 4.8 19.6 45.6 24.4 
eats) TOC tse. 2c esc 0.0 0.0 10.1 231 32.8 21.5 
Sm bua LCC bra. ato sia 0.0 0.0 12.8 23.5 28.3 19.6 


TaBLE 2.—Chemical analysis of high-prairie soil. 
[Digestion with HCL (sp. gr. 1.115) for 120 hours.] 


Insolu- |’ Vola- Tron Phos- 
lu- = Cal- Mag- ; 

Depth of sample. ble aoe tile | and alu- Hares Bee eats phorus} Nitro- 
resl- ve mat- minium aid: ja pent- gen. 

due. si ter. oxid. oxid. 
DChs p. ct. Ds ct, p. cl. p. ct. p. ct. Dill, p. ct. 
0:0166:0;5 foot... 226 ai- (0-87 Up) a 6.01 13.20 0.68 119s Onds 0.159 
OSitolfoot.s. se. 5 75.70 18.58 5.72 14.25 .70 1.32 12 .134 
ligtoes feetis cess +50! 76.17 19.08 4.75 14.72 15 1.68 .12 .079 
Qetors feet... o.'.: 77.80 18.46 3.68 14.03 .86 1.69 15 045 


The soil is fine in texture, being composed mostly of silt and clay, and is 
sufficiently supplied with calcium to lack acidity. Determinations through- 
out a number of years show that the subsoil is usually moist to great depths, 
although at infrequent intervals during drought periods the holard may be 
reduced below the wilting-coefficient of Briggs and Shantz (1912) to depths 
of 4 to 5 feet, leaving only a small chresard for vegetation. Root excavations 
and bisects show that the plants are not only rooted deeply, but also that 
the root-systems of different species form layers in the soil, the shallowest one 
ending at about 3 feet and an intermediate one at 5 feet, while a third layer 
extends far below this level (Weaver, 1920:28, 40). 
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The vegetation is distinctly of the tall-grass sod type. Andropogon sco- 
parius, Stipa spartea, Koeleria cristata, and Boutelowa racemosa are the chief 
grasses, although Andropogon furcatus and nutans occur more or less along 
with Poa pratensis. The interstitial Panicum scribnerianum and the relict 
Bouteloua gracilis are of much less importance. Prevernal societies are repre- 
sented by Antennaria campestris and Carex pennsylvanica. Such vernal 
bloomers as Astragalus crassicarpus, Baptisia bracteata, Senecio plattensis, and 
Nothocalais cuspidata are abundant, while the variety and abundance of esti- 
val herbs indicate favorable growth conditions throughout the early summer. 
Chief among these are Psoralea floribunda, Erigeron ramosus, Brauneria pal- 
lida, Meriolix serrulata, and Achillea millefolium, although a host of others 
occur (Pound and Clements, 1900; Weaver and Thiel, 1917). Species of 
Solidago, Aster, Liatris, Helianthus, Kuhnia, etc., constitute the most impor- 
tant autumnal societies, the subdominants during summer and autumn giving 
a truly kaleidoscopic appearance. An average grass-level of 6 to 8 inches 
and an upper story of forbs at 15 to 22 inches is attained by June 1, although 
the flowerstalks of Stipa and the later grasses and herbs are 2.5 to 3.5 feet 
tall (plate 1). 


MIXED-PRAIRIE STATION. 


This occupies an area just south of Phillipsburg, quite typical of the gently 
rolling topography, on a hillside which slopes gently southward (plate 2a). 
The fertile soil is a mellow, dark-brown, very fine sandy loam of the Colby 
series. At a depth of 12 to 15 inches it is slightly lighter in color and con- 
tains enough clay to be quite sticky, although when wet it is dark in color to 
a depth of 2 feet. Below this level it is light yellow and shows its loess origin 
throughout. The first 4 feet have a water-holding capacity of about 66 per 
cent. As is true of most soils of semiarid regions, it shows no acidity at 
any depth, and the mellow subsoil is very deep. 


TasiE 3.—Mechanical analysis of soil at Phillipsburg, Kansas. 


: Me- : Very 

Depth of sample. Coarse} Fine | Coarse diu Fine fine Silt. Clay. 
gravel. | gravel.| sand. sand 

sand sand. 
p. ct. Dp. cl. p. ct. Ducts p. ct. D0: Diets p. ct. 
O.0sto OS foots.s7 2. . 0.0 0.0 0.3 0.2 1.2 43.5 35.8 19.0 
Ofbrto LfOOtaas sce 0.0 0.0 0.0 0.2 025 44.4 32.8 22.1 
Istor2 feet. qt nucs oe 0.0 0.0 0.0 0.2 Ons 39.7 34.0 25.8 
2 to 3 feet..... ee ocak 0.0 0.0 0.0 0.3 0.6 41.2 31.9 26.0 
Sto A Sections score 0.0 0.0 0.0 0.1 0.2 Sf 2) 31.4 30.8 


Repeated excavations for the examination of the roots of native and crop 
plants from 1919 to 1921 showed that the soil was moist to 8 feet. This 
condition is assumed to be abnormal for the region, but it is directly to be 
correlated with the excessive precipitation of 1919 (Weaver, Jean, and Crist, 
1922:77). However, this station is somewhat subject to drought, the holard 
to a depth of 4 feet being sometimes reduced approximately to the hygroscopic 
coefficient, about 10.6 per cent. Under these conditions the native vegetation 
is rooted almost or quite as deeply as in the true prairie (Weaver, 1920:93). 
The vegetation is essentially mixed prairie, the tall-grasses alternating with 
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or forming a layer above the short ones (plate 2a). Andropogon scoparius, 
nutans, and furcatus often form more or less continuous irregular sods varying 
from 6 inches to 7 feet in diameter, from which short-grasses may be almost 
entirely excluded, while Agropyrum glaucum likewise frequently occupies large 
areas rather exclusively. Boutelowa racemosa and Elymus canadensis are 
other important tall-grasses. Alternating with these are similar or on drier 
slopes even larger areas of Bulbilis dactyloides and Boutelowa gracilis, the 
intervals being nearly devoid of vegetation, often to the extent of one-fourth 
of the surface. More usually, however, the two kinds of grasses are inti- 
mately mixed, the short-grassés often showing a strong tendency toward the 
bunch habit. Carex filifolia and stenophylla supplement the understory of 
grasses, the leaves of which reach an average height of about 4 inches (before 
flower-stalk production), as contrasted with the midsummer tall-grass level 
4 to 10 inches above. A taller open layer of Psoralea tenuiflora at 2 feet 
characterizes much of the area in late June, when societies of Ratibida colum- 
naris and Morongia uncinata are also conspicuous. However, as emphasized 
by Clements (1920:138), the mixed prairie shows its xerophytic tendency 
by less numerous and less extensive societies. Antennaria campestris, Astrag- 
alus crassicarpus, Nothocalais cuspidata, Anemone caroliniana, Senecio plat- 
tensis, Vicia americana, etc., are all represented, even if sparingly, in the 
spring and early summer, but the absence of Viola, Stipa, Koeleria, and 
Brauneria is at once noted, and the presence of Astragalus mollissimus, Oxy- 
tropis lamberti, Malvastrum coccineum, Opuntia fragilis, O. camanchica, Aristida 
purpurea, and Plantago purshi indicates a more xerophytic type of vegetation. 
The subdominants of midsummer are usually smaller and less abundant than 
eastward, while the autumnal aspect likewise lacks many species common to 
the true prairies. The part of the mixed prairie used for experimental planting 
was carefully selected with due regard to a proper balance between tall and 
short grasses. 
PLAINS STATION. 


This is located just north of Burlington, on a vast level tract (plate 28). 
The soil is a rich, brown, fine sandy loam, very compact and hard when dry. 
It has a water-holding capacity of 65 to 70 per cent to a depth of 4 feet. At 
a depth of 2 to 2.5 feet it is underlaid with a so-called hard-pan. Soil analyses 
show that the concentration of colloidal clay and carbonates in the subsoil is 
sufficient to give rise to a hard-pan, i. e., a much more compact intercalated 
stratum of soil, upon its becoming completely dried out (Weaver and Crist, 
1922). Silt constitutes about one-third of the soil at all depths, while the sand 
decreases and the clay increases in amount to 4 feet (table 4). 


TasiE 4.—Mechanical analysis of soil at Burlington, Colorado. 


; Me- Hine Hygro- 

Depth of sample. on ae Seals usr || ve Silt. | Clay. | scopic co- 

sand. efficient. 
p. ct. p. ct. DCs p. cl. p. ct. DAC Delle DiiCte 
6.0 to 0.5 foot..| 0.0 0.0 0.0 OF 226 33.4 | 15.3 10.9 
0.5 to 1.0 foot..| 0.0 0.0 0.0 0.1 202 32000) 162 10.9 
Ta to:2 fees.) sui... 0.0 0.0 0.0 0.2 1.9 32,0. | 1973 1202, 
2 to steet.... ...- 0.0 0.0 0.0 0.1 1.5 31.0} 21.9 12.0 
8 to4feet..... 0.0 0.0 0.0 0.1 0.9 34.2 | 22.6 11.4 
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Chemical analyses show that carbonates are practically absent in the 
surface soil, but increase rapidly with depth, and often reach concentrations 
of 5 or 6 per cent in the hardpan layer, which appears somewhat chalky in 
color. The soil is not at all acid; the carbon dioxid increases very rapidly 
with depth and is high at 2 to 4 feet. This soil is rich in phosphorus 
and potassium and has a sufficient supply of nitrogen, and hence all the 
essential raw materials are present in abundance. 


TaBLE 5.—Chemical analysis‘ of soil at Burlington, Colorado. 


Depth of Acidity. | Carbon | Volatile | Phosphorus} Sulphur | Potassium| Nitro- 
sample. dioxid. | matter.| pentoxid. trioxid. oxid. gen. 
p. cl. p. cl. p- ct. D. Ct. p. ct. p. ct. Dach, 

0.0 to 0.5 foot..| None. 0.03 4.67 0.189 0.007 D232 0.184 
0.5 to 1.0 foot..| None. 0.30 3.13 0.504 0.017 2.39 0.130 
1 to 2feet..... None. wet 3.11 0.428 0.006 2.45 0.101 
2 to 3 feet..... None. 2.10 3.34 0.406 0.006 Qo 0.086 
3 to 4feet..... None. 2.60 2.84 0.525 0.005 2.22 0.084 


1 Phosphorus determinations were made by digestion with HNO; and HF, sulphur by fusion 
with Na,Oe, potassium by fusion with calcium carbonate, and nitrogen by the modified Gun- 
ning method. 


Water penetrates very slowly and run-off is usually high in this fine- 
textured soil. Shantz (1911) has shown that the average run-off from the 
short-grass sod at five stations in this region was 37 per cent of the total 
rainfall, while the maximum run-off reached 55 per cent. Consequently, the 
actual precipitation of 17 inches is a poor index of the efficiency of the rainfall. 
After heavy rains, 3 days were required for water to penetrate to a depth 
greater than 6 inches. The excellent root development of native plants in 
the surface 1.5 to 2.5 feet of soil enables them to absorb water readily, and 
further prevents a deeper penetration of rain. Determinations of the holard 
through a series of years (1920 to 1923) show that the soil is seldom moist 
below 2 feet, while by midsummer the amount above this level is frequently 
reduced to the hygroscopic coefficient. When this happens, the short-grass 
cover dries out and “cures” on the ground. 

Closed mats of Bulbilis dactyloides, usually mixed with Bouteloua gracilis, 
make up fully 90 per cent of the vegetation, forming a carpet seldom over 
inches deep, exclusive of the flower-stalks (plate 28). Agropyrum glaucum 1s 
frequently associated with the short-grasses, but overgrazing and drought 
have resulted in a dwarf habit and it forms flower-stalks sparingly, except in 
years of more than normal rainfall. These grasses, with their widely spreading 
roots, occupy the soil so thoroughly that relatively few important sub- 
dominants are present. Most conspicuous among these, and increasing in 
abundance where overgrazing has occurred, are Aristida purpurea, Opuntia 
camanchica, O. fragilis, O. polyacantha, Festuca octoflora, Plantago purshi, and 
Schedonnardus paniculatus. Erysimum asperum and Psoralea tenuiflora also 
are often abundant, while small, poorly developed societies of Astragalus 
crassicarpus, Malvastrum coccineum, and Ratibida columnaris are infrequent. 
Decreased size, vigor, and number are characteristic of most of the species 
when compared with their growth in more favorable conditions. 
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While some of the species of the meager flora are rooted entirely in the 
surface soil, others reach depths of 4 feet or more, especially the dominant 
grasses and the legumes. However, even these are relatively shallow when 
compared with the great depth attained by species in the moist subsoil of the 
true prairie. 


PHYSICAL FACTORS. 


RAINFALL AND HoLARD. 


The grassland associations concerned lie in the region of summer rainfall; 
by far the greater part of the rain falls during the growing-season and only 
about one-tenth during the three winter months (fig. 2). Such a seasonal 
distribution of the precipitation is very favorable to the growth of grasses. 
The normal decrease of 5 inches at Phillipsburg in comparison with Lincoln 
and the further decrease of 6 inches at Burlington are quite evenly dis- 
tributed through the season. Moreover, the type of rainfall is similar through- 
out, consisting usually of heavy showers, often of rather short duration, 
though this is more marked upon the high plains than eastward, where the 
rains are more general. At all stations it results in much run-off, but this is 
particularly heavy on the compact soil at Burlington. However, in the plains 
region more of the precipitation falls in light showers of 0.2 inch or less, which 
are of practically no value in increasing the holard. At each station the holard 
has in general been very similar at any particular time during the three seasons 
(1920 to 1922), and the comparison of a single season’s data will suffice here 
(table 6). 


Jan Febr Mar Apr May oar July Aug Sept Oct __ Nov Dec 


Fic. 2.—Mean annual precipitation at Lincoln (solid line), Phillipsburg (long 
broken lines), and Burlington (short broken lines). 


At Lincoln a sufficient amount of water to promote good growth was avail- 
able at all depths and at all times. At the mixed-prairie station, July and early 
August were periods of drought and at times of actual deficiency. The holard 
at Burlington was favorable until June, but after this time marked defi- 
ciencies were of frequent occurrence. However, the value of water-content to 
the plant is not determined entirely by its quantity, but largely also by the 
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TaBLe 6.—Holard in excess of the hygroscopic coefficient at the several 
stations, 1920. 


Lincoun, NEBRASKA. 


Date. 0 to 0.5/0.5 tol] 1to2 2to3 3 to 4 
foot. foot. feet. feet. feet. 
EAD Tew Oetcaeeeecad Mee 17.6 16.1 14.1 10.0 8.6 
FADE) ear iae 175 22.4 20.3 
Mayacd san rewire es 20R5 19.1 19.7 
A RUBE SMEAR OTE cites to teehee 5 18.7 20.3 Sood ae 
ANDES ERA 4 Laks to ene 5.9 125 14.8 1556 
AMMO S I tis an Sac 4.9 Wei 9.6 RES as 
July sae ore enti es 22.0 16.8 9.1 Loe, 14.7 
Ub yepe Ome creme oterere Tees LP Bia) 6.3 Pec Matas 
AUR OS ret arte eneea aes 205 4.0 5.4 9.7 11.6 
AN GSD Dae we Rates ee 8.7 Sees 4.8 een re . 
AUC AOU akan ae 26.3 eT. 3.2 One = ao 
TESTERS HE ee RA ta Continued heavy rains; no samples taken. 
Waltinecoefa.5 sae ce 14.0 12.9 1226 10.5 9.1 
Hygroscopic coef..... 9.5 8.7 8.6 Theat 6.2 
PHILLIPSBURG, Kansas. 


Date: 0to0.5/0.5to1} Lto2 | 2to3 | 3to4 
foot. foot. feet. feet. feet. 
WEB Vib d ete tactet neue 14.7 15.3 TOES) 14.7 14.0 
UNE eee eee 4.8 6.6 1D Ee LSS) 13.0 
DUNE LON a acnerseetae 7.6 9.7 9.0 ees 
ULTNC EAA ty Oe ch es eee 6.6 31 5.0 9.0 
Sheu: WILKS By aah toens eg) 4.1 228 
ly, LO tk neve meee ior. 15 2.8 1.6 ahet Ron Bas 
ULL Vere Liens Pega —-1.4 ORE —-0.2 2.3 5.3 
TANG er Ay cen ay chee nea OR Lat -—0.3 0.5 Sao) 
SAID Liter eee enon 12.6 12.3 5.4 AS hots 
AMPUZOs Sree een eee 4.0 4.1 0.4 2.0 DAD 
Wralting cock... neem. 1333 i538" 13.4 185.88 Bia al 
Hygroscopic coef..... 10.6 10.6 10.9 10.6 10.7 
Bur.inctTon, COLORADO. 
Date. 0t00.5/0.5tol] 1to2 2to3 3 to 4 
foot. foot. feet. feet. feet. 
Deny Ors) WIG, hay oer Ane 16.7 Sy 7 ayaa 4.9 1.8 
GMO ta adis ryseesteayevsnernm tne 2.3 5.2 4B 6.9 2.9 
a fehetsh) OLS rep nenctomioa ac -1.8 -0.1 2.8 ae 
UNOS Ot eee eee 7.4 2.5 1.8 1.4 -2.5 
ARVIN OAs naman eae alte —1.6 —0.5 0.0 
ARUN teins Pann gentoo —2.9 -1.3 —2.2 1 ia Sree 
Aiud hie PAO bey Bans Grate orto wa -—0.7 —2.7 -1.7 Zed: —0.6 
AUG. BO ae ecduat sietees 4.6 2.7 —2.7 -—0.6 -3.1 
ANI GAL OMe: cus ate -—3.1 -—3.1 -0.5 Boake 
tAige 2A eee ins ieee -0.8 —2.1 -1.9 —0.6 -1.4 
Wilting coef......... 13.3 13.3 14.0 14.5 14.0 
Hygroscopic coef..... 10.9 10.9 12.2 12.0 11.4 
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rate of loss both through the plant and by surface evaporation. These in 
turn are controlled by humidity as affected by temperature, wind, etc., all of 
which are more or less integrated in the evaporation. 


June July August 


2 3 4 1 2 3 4 1 2 3 


EEE 
BABS 


Fie. 3.—Average daily temperature at Lincoln (solid line), Phillipsburg (long 
broken lines), and Burlington (short broken lines), 1920; here, as elsewhere, 
the numbers denote the first, second, third, or fourth week in the month, 
respectively. 


June July August, 
2 3 4 2 3 


Fig. 4.—Average day (heavy lines) and night (light lines) temperatures, at Lin- 
coln (solid lines), Phillipsburg (long broken lines), and Burlington (short 
broken lines), 1920. 


TEMPERATURE. 


Because of differences in elevation, which more than offset those of latitude, 
spring usually opens about 7 to 10 days later at Phillipsburg, and 18 to 23 
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days later at Burlington, than at Lincoln. These stations are 800 and 3,000 
feet higher respectively than Lincoln. Air temperature was usually 5° to 
7° less at Burlington than at Phillipsburg, and also lower at the latter 
than at Lincoln. Likewise, the average day temperatures were highest at 
Lincoln and lowest at Burlington, and this same general relation held for 
average night temperatures (figs. 3 and 4). The night temperatures at 
Burlington varied from 45° to 67° F. These were more or less unfavorable 
to growth, but their chief effect was probably through humidity, differ- 
ences of temperatures as such probably having little effect upon the type of 
grassland. 


June July 


August 
2 3 4 1] 2 3 4 2 3 


Fic. 5.—Average daily soil-temperatures at Lincoln (solid line), Phillipsburg 
(long broken lines), and Burlington (short broken lines), 1920. 


Soil temperatures were highest at Lincoln (70° to 77° F.) and lowest at 
Burlington (64° to 72° F.) during the first half of June, but by the last week 
this relation was reversed, the soil at Burlington remaining warmest through- 
out the season (fig. 5). The average weekly differences were often as great 
as 6° to 8° F., the soil at Lincoln being coldest, at Phillipsburg intermediate, 
and the dry soils at Burlington having the highest temperatures. 

The much greater daily range of both temperature and humidity at the 
Burlington station as compared with that at Lincoln is shown in figure 6, 
and the average day and night humidities for 1920 are given in figure 7. 
Conditions at Phillipsburg were more or less intermediate. This combination 
of high temperature and low humidity, which occurs rather regularly in the 
afternoons at Burlington, when coupled with dry soil, obviously promotes 
transpiration and depresses growth. 


WIND AND EVAPORATION. 


The wind movement is much greater at Burlington than at either of the 
other stations and is an important factor in desiccating both plants and soil. 
An average day velocity of 8 or 10 miles per hour at a height of 0.5 meter is 
quite usual, while periods of several days with a velocity of 20 to 30 miles per 
hour are not uncommon. The amount of wind is less at Phillipsburg and 
much less at Lincoln (for example, a daily average of 4 miles per hour from 
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evaporation from white cylindrical non-absorbing atmometers) at Burlington, 


grates the factors of radiant energy, humidity, and wind movement (fig. 8), 
was greatest throughout the season of 1920 (23 to 60 c. c. average daily 


July 13 to September 19, 1916). The evaporation, which in a measure inte- 


ee 


é 


H 
y 


roa a a ow TERT 
WHE: 


a 


pM? 4 $$ 


ree: 


aoe 


as 


12 4°¢$ NF 4 8 


t iS 
hq 
iba 

rit Ss 
ies 
shay 
: 
ie 


bg é i 


SUNDAY. 
10 


In (9 to 25 


Similar constant differences of evaporation rates were obtained the 


following seasons. 
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termediate at Phillipsburg (11 to 32 ¢. c.), and least at L 
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Fic. 6.—Hygrothermograph records from Lincoln (upper) and Burlington (lower), June 1921; light 
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In consequence, the conditions for plant-growth as regards rainfall, holard, 
temperature, humidity, wind, and evaporation are normally most favorable 
at Lincoln, intermediate at Phillipsburg, and least favorable at Burlington. 
These conditions are indicated by the native vegetation and borne out by 
the growth of crop plants (Weaver, Jean, and Crist, 1922). 


June 


Fia. 7.—Average day (light lines) and night humidity (heavy lines) at Lincoln 
(solid lines), and Burlington (broken lines), 1920. 


Fie. 8.—Average daily evaporation at Burlington (short broken lines), Phillips- 
burg (long broken lines), and Lincoln (solid line), 1920. 
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DETAILED METHODS. 


GERMINATION OF SEED. 


In these experiments the fruits and seeds of a large variety of grasses? 
forbs,! shrubs, and trees from a wide range of habitats were employed. 
These were collected in quantity, when ripe, chiefly at Lincoln, Nebraska 
City, and Halsey, Nebraska; Phillipsburg, Kansas; and Burlington and 
Colorado Springs, Colorado. In addition, others were secured from the 
vicinity of Berkeley, California; Tucson, Arizona, and in lesser quantities 
from other sources. After drying, the seeds were placed in large cloth bags 
and kept over winter in a dry, well-ventilated, unheated building at Lincoln. 
A new crop of seeds was secured each season. After threshing and cleaning 
the seed, germination tests were conducted in pots and flats ‘n the greenhouse 
of the University of Nebraska, and to a less extent in moist chambers in the 
laboratory. This was primarily for the purpose of eliminating the species 
that germinated rarely or not at all, for it proved possible to sow seeds even 
with a low viability so thickly as to secure a good stand. Seeds from plants 
growing in sand, viz, Calamovilfa longifolia, Muhlenbergia pungens, Redfieldia 
exuosa, etc., were germinated in sandy soil. 

The vitality of the seeds differed greatly from season to season, as would be 
expected. Among various causes for this, climatic conditions at the time of 
anthesis may have been a potent factor. In some cases, early frosts on low- 
lands proved harmful to the unripe seeds of late species of grasses. While 
the 1920 crop of Kuhnia glutinosa gave no germinable seeds, that of 1921 
yielded 84 per cent. This is the highest record for any species, values of 20 
to 25 per cent (Psoralea tenuiflora, Ratibida columnaris, Stipa viridula, 
Amorpha canescens, Desmodium canescens, and Liatris scariosa) being very 
good, while a germination of 10 to 15 per cent was quite usual. Some of the 
legumes germinated very slowly. A few species that did fairly well in the 
greenhouse (Amorpha canescens and Aster multiflorus) gave no germination 
under field conditions (1922). 


DeptH oF PLANTING. 


In dealing with seeds so variable in size and natural depth of planting 
(viz, Sporobolus asper, Aster, and Solidago as compared with Stipa spartea and 
Gleditsia triacanthus), great care was exercised to place the seed at such a 
depth as to favor germination and establishment. The results of a single 
greenhouse experiment upon this phase of the problem are of interest (table 8). 
In this experiment 50 seeds of each species were planted at various depths in 
loam soil of good tilth, except where the seeds, because of small size or low 
viability, were used in larger but equal (measured) numbers. Sandhill species 
were grown in sandy loam. 

These results show that depth of planting has a pronounced effect upon 
germination and establishment. This is due in most cases to the actual 
failure of the seed to germinate at increased depth of soil and in others to its 
inability to grow through the greater thickness of soil and still have sufficient 


1 The term ‘‘forb” is here used for herbs other than grasses in order to afford a clear cut dis- 
tinction and at the same time avoid an awkward phrase. It is derived from the Greek-Latin 


root which appears in sopB4, and in herba (*ferb—). 
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TABLE 7.—Germinaiion of seeds.! 


Species. 1919. 1920. 1921. 1922. 1923. 
IA COTINEZUNGO2 col ais cece a Ce ere Sao eae er inlcl eatin errs WAIT. peice 6 Fairs. oasleeeeeree oe 
JINparechKeto ithe hithhei Wen nts caedige Soil iene ommodad Haire Seeds fro=|) Good)...0.s| sorrento 
zen; no 
crop 
IGaxy yipabhee IEW Oils A mae nasiol ooo sadder oo acon Poors. Good None 
ATMOrp ha cCANOBCONS sic wake are href asia eee iiel| avamna Auden Weu|| xetelley ad ranmrers Goods; is. |b eee 
‘ANGTOPOLOM CONCOTUUS ssc ainiaiele sis |'e ore oe os eo teinienteee seer POOF lid ces te Sate ee eee 
HUTCALUSH pian ne sik sen Sater aS Aor oaouiloadyse.d cox (ROOPE ester (Poorer a Poor. 
Lot Lh Barons Mea eee Te Hake OOH IO Rea ee oe ers ones Poorseean POOR:..4e) « leet 
NWGANS* oh cis soe ee TOY ooo Good aires AIP ac ee Fair 
SCOPATIUSs sae ocala POOP; Haitians None None Poor 
AMP OIMONONDIALYCOLAsene airs ceeaans | simian skeetv ietcict hen aac hcealisioneaone arate Poors wise: | eee 
Aristida purpurea!............. Good Poornse Excellent.| Good Excellent 
ASter MULtiOrUse ct stearate al eite neice aioe lies ee naveleeaae None Main geac ct None. 
BAlEGH OUTS ee Bee Sethe crete acer ra | kee ae lab Are tokeneae URS None Niones..).5 len. ener 
Astra galiis CrassiCarpusicc.sissccey ase) |evsitesen level cbelaiensiacieicde IN Ones 722 4 ecroten a tee Fair 
(Bouteloua; bromoldese sie ease al ere iceeralle satteeiera ats Good eae Ae thes ose ee | Cones 
(Sa loy vrs ts hae tun eines careers REL Tard cts Arad ee atc cits None scaliii.t 2 ee anil ere 
RT ACIIIB Ronco ta sacks ere OR tees barat Good. Excellent.| Poor..... Excellent 
MIP SUIbS footer enecettcuncherccey sees eeanmtcs POOR set Excellent.| Fair..... Good.. None 
PACEMOSAsS oes ON or ee || Se Main se iPoorseee Excellent.} Poor. 
TA COWOSA Ee eee re nenes ook ae ales Sorat eeite Us or tec Good Baie 2s isi ets 
TOULNTOG ION ers sak parcrneicrews Vere cel ate fe Sedat Pesach ieee BN Koy 0 Fen (Re mec leone sacle h 
BravneEria pallyd ary score essai eos | spatter oresseat | searciedener tee None Roonaeeer None 
Bitbilissdacty lOldesisetsse cate oye ihe | osetaratcesee eerste sto ccatchererersl| (e sceyo nc teeta eect eee oer Fair 
GalamovaliarongitOlacnscaen onl t ei desce ene siete amie Maire Very poor| Poor 
@assia CHAMRECLISED s)aodcace is eceice ori] vetoes wictade eee ouereve teicus (ate all aaa Saar areas ieee er meena Fair 
GINS CADAGONSISS Hears aces alee lc phere ce akc | See dete aie ai ements Very. poor. s.4 nee 
@orylusiamericanas ener ca crak he lense Mic -ateoee | ate ere oleracea WerEV2 O01) |r 
MesmodiumMCANESCONS » ai tracrcnin-|| (che aeseerscs witell = elarctencvereeiel| wrotegermersreveie|ayeketeeer mere Excellent. 
Elymus canadensis............. Good Excellent.| Excellent.| Good Excellent. 
Hraxinus,lanceolatatiacs. cir: aa cs «| 'sate eee cae IPOOtaan Patra Fairs: s2 See re 
GleditsiaatriaGanthuden neh sin cilleeen eeueiciete Aine ees Good Goode on. 
Glycyrrhiza lepidota. sarees nemo ye eae ete Pee None None sm eseecee 
Helianthus spettOwaris eres a ase cyei| acsssns, asco ea | a ees Ser are case | Nye 6) Shearer None cx s.clinn eee 
Takats hiGe hee Bina hati GeO Gl toc ae Gea BaH yO Gale Cue area None None None 
RELUT Ay TiiC AB amen aw an coieetererecoreVevell ctareisns castetale lic evciene recone None ia sa |ii date ae eee eee 
TKGyA Gabi atin i ahaa onrme mindy Ap eee one Excellent; |-Excellent:|5..0- -20s ol peers 
GU TIS OE OBA, arta vacevaseir are! oie [aye saeeesucha eral ctokae bebe vec None....| Excellent.| Excellent 
Mespedeza capitatas orien. cin. -s |osindeyereete Poors: aircrews ane Hain ema Fair 
ARES DUNCCALA oe aaleiaia decs.k ais keen oes Excellent.| Good....| Good. Good 
BCATLOSA G fehoiotaycaeearccevalonane satis Wo teie |esene cise ner ech Sue eve ave eeaeaee Excellent.| Excellent.| Good 
Muhlenbergia pungens’.- sion once camila ieee airy seis Pat oenssc-< | ccere eens 
OnagravbienDisis. 1. smi ye ontes Clas elses ciao a cree seen ae Fairs. 3 Excellent.| Excellent. 
IPanicumevirgatumuen deste. Poor airacrion None None None. 
PStAlOStOIN OM CATGIAUS rete cc her aris | ae ievatsostoeses oa | pelecersiatos cra) rietewe herein aires Excellent. 
PINUS WONACTORAs es nates eters | ene ee Good Good Goodh. .nleenoe eee 
Psoralea tenuilOoracve.cc won elec aes eee nee None Good wens ne eee 
Rati Dida. COlUMNATIC’. ten caere seas elexc leis ek ell iene cust ten Srnec ee ree Good asian 
Rediiel diasioxtOsa Graken ce eassoveteanlinsmien eeceenul| suena aero renee None 1S COPIA Pee ae Sec 
FUN US Ola OLA ee acesttte nes cep ccmtee eran ell eRe eer mel coca n me ee None IN ONG! U.o ol sere 
RODIN as DSOUGACA CIA aces 7 c.4ne| eee eres err | ear eee Good GOON, edt eee 
Salvia Pitelern savsracs yokes ach atevesenes cif ake cicoe econ oe el tens core rey seSeil 29 siete aR PTE ILO ge None. 
Solidagormissounlensisianny..cvcie com aeeiees ele iia ees None A OF Wh Same We ca aA G5 
BETOUIME rae eal cae eee al eel ape eat eee ove | aeons eae None None a hitede betaine 
bit 4 (0 Fea cba ame Reta holed Lomrate (oie baiaraees Stal Pay Pena rR onset ealPbcann oun Sub RIV eh rier ns ae Fair 
Sporobolusieryptandrus? acest tee elaine le eee None. Good Sian eee 
BAD OT ern seete saco cher oraieue eke easset ton all eer atoms fbeilteneeamen Fe eats Excellent.| Good Excellent 
Stiparcomatal vaca ons ieee Poorer Good Poors POOF. cs ules 
BDALLCA cr tire ve nats ene te harass None Poors: POOL ae None. 
Vinicl lass Patera ohn mares ee Good None ii. a) oe ait sen Excellent.| Good. 
SyIMpHoricarpus Occiaentalisn nr; ave eniecrealne mieten See eee None cose ieee 
ag) ita: ieee ne end See eae RG ICEL AP tory lehurpe ere A Bes OE NOG wnat Notes 
RILMUS VAIN OLICHTG Vickers eee ares, ee | ree ee Good INOW Crop, Good ral cae eet 
frozen 


1 All seeds were collected at Lincoln, unless otherwise indicated. 


2 Seed from Pennsylvania. 
* Seed from Colorado Springs. 
4 Seed from Burlington. 


5 Seed from Arizona. 
6 Seed from sandhills, Halsey, Nebraska. 
Seed from Wyoming. 


METHODS. 25 


reserve material to establish itself. The decrease in the number of seedlings 
that appeared above ground was due in part to this cause, but especially to 
damping-off and other abnormal conditions arising under control. With the 
grasses a depth of planting exceeding 0.5 to 1 inch was distinctly detrimental, 
and most of them, like the composites, did best at 0.12 to 0.25 inch. Un- 
doubtedly, aeration and frequency and amount of precipitation exerted a 
profound effect upon ecesis in the field. Even under uniform conditions, 
some seeds, e. g., Elymus canadensis, germinate and grow rapidly, while others 
are much slower, as would be expected. 


Metuops or SowInGc AND PLANTING. 


Seeds and fruits of plants were sown under three different sets of conditions 
at the several field stations, namely, surface-seeding, trench, and denuded 
quadrat. Surface-seeding consisted of selecting areas with a typical cover of 
vegetation in which wooden stakes bearing the names of the species were 
driven. Near the stakes and without disturbing the surface, a small quantity 
of seed was scattered. A little débris was added to simulate conditions 
during fall and winter after the seeds have fallen naturally from the plant. 


TaBLE 8.—Germination and depth of planting. 


Z No. of plants. 
Species planted SB LSY oe) pe i ee ce wes A TS eee bit | 


Mar. 24. _ m 
inches.| Apr. | Apr. | Apr. | Apr. | Apr. Remarks. 
1: 4, ts 14,-| 25. 
Aristida purpurea....| 0.25 |..... 8 9 5 4 |3Ivs. Apr. 25. 
ORD es sane 8 23 23 23 | Same size as those at 0.25 inch 
1h oS aA ey 3 8 0 0 depth. 
Pe ae ee er 0 0 0 0 
Agropyrum glaucum!.| 0.5 2 16 38 49 49 |4to 5 in. tall with 3 lvs., Apr. 


25. 


1 4 18 29 25 25 | Same size as preceding. 
2 2 4, 15 14 4 | All smaller than preceding. 
3 (8) 0 0 0 0 
Amorpha canescens...| 0.25 9 1l 10 8 9 
i 3 7 7 5 5 | Smaller than preceding. 
2 0 0 0 0 0 
3 0 0 0 0 0 
Andropogon halli!....| 0.25 5 2 4 2 38 | 2 in. tall, 3 lvs., Apr. 25. 
0.5 0 1 1 2 2 | Same as above. 
1 0 3 2 2 2 Do. 
2 0 0 1 3 3 Nearly as large. 
Andropogon nutans...| 0.25 8 7 5 2 2 Tillering. 
0.5 0 1 1 1 1 As large as preceding. 
1 0 0 0 0 0 
2 0 0 0 0 0 
Bouteloua racemosa!..| 0.12 | 14 25 Sy 29 3 | Progressively smaller to the 
0.5 20 25 ive 14 0 maximum depth. 
1 1 25 25 32 17 
2 0 8 15 8 3 
Bouteloua hirsuta!....| 0.25 4 10 10 10 11 | 3 or 4 leaves; 1.5 in. tall. 
0.5 4 ff 9 vf 7 
1 1 4 4180 0 
2 0 0 2 0 0 
Desmodium canescens.| 0.25 2 6 16 18 18 | Largest, with 5 leaves. 
1 5 1l 23 24 24 | Smaller than above. 
2 0 1 11 9 9 | As large as 1 inch. 
3 0 0 0 0 0 


Number of seeds not counted. 
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TABLE 8.—Germination and depth of planting-—Continued. 


Species 
planted 
Mar. 17. 


Elymus cana- 
densis.! 


Kuhnia gluti- 
nosa. 


Liatris scariosa. 


Liatris punc- 
tata. 


Muhlenbergia 
pungens.+ 


Onagra bien- 
nis.! 


Petalostemon 
candidus. 


Ratibida col- 
umnaris. 


Sporobolus as- 
per.! 


Stipa viridula.. 


Depth 
in 
inches. 


COnNrK CO 
Ore 
bo 


25 


.25 


.12 


S oOoNFO COWNrFOWNFONF 


— 


Le \~) 


25 


(  ) NrOOrO ow 


Mar. | Mar. | Apr 
ie 29. ile 
5 8 15 
6 16 16 
0 24 24 
0 13 26 
Thick.| Thick.} Thick 
Thick.| Thick.| Thick 
A few.}| Thick.| Thick 
0 0 0 
25 27 22, 
0 0 0 
0 0 0 
0 0 0 
1 12 12 
0 0 0 
0 0 0 
0 0 0 
beat 20 20 
Seay 20 40 
eecea¥e ts 12 16 
Wee aves 6 14 
Very | Very | Very 
thick. | thick. | thick. 
13 20 28 
3 3 3 
0 0 0 
6 6 6 
1 1 1 
0 2 2 
0 0 0 
2 2 3 
2 2 3 
0 0 0 
8 9 28 
5 9 20 
0 4 14 
0 1 2 
25 35 39 
20 22 DD, 
0) 0 3 
0 0 0 


No. of plants. 


Apr. | Apr. 
4, ie 
14 13 
16 18 
24 29 
28 28 
Thick.| Thick 
Thick.| Thick 
Thick.} Thick 
0 0 
18 18 
0 0 
0 0 
0 0 
13 13 
0 0 
0 0) 
0 0 
12 8 
50 44 
12 12 
20 20 
Very | Very 
thick. | thick. 
35 40 
4 4 
0 0 
6 6 
1 1 
2 3 
0 0 
3 3 
3 3 
0 (@) 
34 35 
24 22 
34 34 
2 4 
40 38 
24 23 
2 4 
0 0 
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Very 
thick. 
Very 
thick. 
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Remarks. 


Poorest. 
About same size. 


Smallest. 


Smaller than 
above. 


4 to 5 in. tall. 


2 to 3 in. tall. 


2 ‘tillers; 3:5 in; 
tall. 


Smaller. 

Smallest. 

Excessive com- 
petition. 

Much competi- 
tion. 

Largest rosettes 
of all. 

Very small. 

2 in. tall. 

0.5 in. tall. 

Smaller, very del- 
icate. 


Rosettes with 4 
to 5 lvs. 
Smaller. 


3to4in. 4 lvs. 

Large as above. 

Pot waterlogged. 

Smaller than 
above. 

4to5in. 3 lvs. 
Do. 

Much smaller. 


1 Number of seeds not counted. 


This was sufficient to keep the seeds from being blown away. Upon germina- 
tion, seeds sown under such conditions meet with keen competition from the 
established vegetation for water and nutrients below ground and for light 
above. The degree to which light intensity is reduced under the grassland 
cover has never been adequately emphasized, but frequently it is as low as 
5 to 10 per cent, even early in the summer. 


METHODS. 25 


The trench method of seeding was used in order to remove competition 
both below and above ground for longer or shorter periods. Long, narrow 
trenches, approximately 4 inches wide and deep, were cut in the native sod. 
The soil from the trench was then thoroughly pulverized and all of the larger 
roots and rhizomes carefully removed, after which it was again replaced in 
the trench Enough additional surface-soil was added so that when firmly 
compacted the level of the trench was the same as that of the surrounding 
surface This detail is of fundamental importance, since the amount of run-off 
or the amount of water running into the disturbed area is thus determined. 
Stakes bearing the species name were then driven in place at about 12-inch 
intervals and the seeds planted, the soil firmed, and a little loose surface-soil 
added as a mulch. The rapidity with which rhizomes and neighboring roots 
invade this newly prepared area varies considerably with the type of vegeta- 
tion and climate, as also the rate at which the grasses arch over the trench 
and reduce the light intensity 

In the case of denuded quadrats, the native sod was removed to a depth of 
4 or 5 inches over an area about 2.5 feet long and 16 inches wide. The soil was 
pulverized, the plant parts removed, and the surface brought to such a height 
as to be even with the surrounding sod after settling. One and sometimes two 
species were planted in each quadrat thus prepared. Rhizomes of Corylus 
americana and Symphoricarpus vulgaris and occidentalis were transplanted in 
1921. Obviously, root and rhizome invasion from the sides would affect the 
area in the quadrat much more slowly than that in the trench, and this was 
also true of shading. Consequently, the quadrat method obviates both root 
and especially shoot competition for a considerable period, but certain other 
factors more or less unfavorable to growth are introduced. 

Since the most critical period in the life of the plant is that of ecesis, the 
method of seedling transplants was also used. Seeds were germinated and the 
seedlings grown in an unheated greenhouse in loam in 2.5 to 4 inch flower- 
pots. The larger pots were used for those species which grew most vigorously 
and whose roots penetrated deepest. Planting was timed in such a manner 
that the seedlings were well established and 3 or 4 weeks old before trans- 
planting them into the grassland, usually early in May. At this time trenches 
were prepared in the way already described, except that the subsoil in the 
trench was well watered before replacing the soil. The trench was half filled 
_ with soil, and the seedlings were then transplanted without injury by simply 
removing the entire contents of the pot as a core, placing this at the proper 
level in the trench, and firming the soil about it. A sufficient number of 
plants were available so that any injured in removing the pot were discarded. 
After watering again, the trench was brought to the proper level and a thin 
layer of loose soil applied. If the weather required it, the trenches were 
watered for a 10-day period during establishment. -As with the other methods 
of planting, the plants were thinned from time to time to reduce competition 
when necessary. All the seedlings were grown at Lincoln and transported to 
the other stations as needed. 

Finally, a fourth method was used, which consisted of transplanting mature 
plants or sods. Blocks of sod about 10 inches square were selected and cut 
with almost vertical sides to a depth of 8 or 10 inches and removed with the 
minimum disturbance of the underground parts above the level. The size 


26 INTRODUCTION. 


varied somewhat, depending upon the root-habit and nature of the soil. 
In transplanting Bulbilis dactyloides, Bouteloua gracilis, Muhlenbergia gracil- 
lima, and other species with fine, dense surface roots, the blocks were often 
larger but not so deep. Conversely, transplants from sandy or gravelly soil 
were necessarily smaller. Many forbs were also transplanted, care being 
taken to wrap each block securely in burlap for transportation. By this 
method of sod transplants, species were planted reciprocally among the 
different stations; for example at Lincoln, Spartina cynosuroides was trans- 
planted from swamp to salt-flat, low prairie, high prairie, and gravel-knoll, 
care being taken to replant a control block in the swamp for a check. In 
transferring the blocks of sod, great care was taken to make a hole of the 
exact size, so that the transplant was in good contact at both the bottom and 
sides, just enough loose soil being added and firmly tamped around the block 
to make the contact complete. The sods were placed 2 or 3 feet apart. 
Ordinarily, root and rhizome growth had more or less obscured the lines of 
disturbance after the first season, unless there were marked differences in 
soil color or texture. 

As far as possible, transplants were made preceding or coincident with the 
renewed growth and at a time when the holard was distinctly favorable. 
Moreover, green parts were clipped back, often level with the soil, in order to 
reduce water-loss. The surplus food materials of the older roots, rhizomes, 
etc., rendered vigorous growth possible, and in the main this was the most 
successful method employed, early-blooming species like Koeleria cristata and 
Stipa spartea alone sometimes failing to seed the first season. The others, 
such as Agropyrum glaucum and Bulbilis dactyloides, not only fruited, but often 
also extended their area by vigorous propagation. 


2. EXPERIMENTS DURING 1920. 
: HIGH PRAIRIE, LINCOLN. 


SURFACE SowING. 


Surface sowings of 6 species were made on the high prairie, April 16. The 
seed was obtained at Lincoln, as in all cases, except as otherwise stated, 
Stipa viridula from Colorado Springs being the only exception in this instance. 
Koeleria cristata and Stipa alone had germinated by May 15, and Andropogon 
nutans and A. scoparius by June 2, while the seeds of Elymus canadensis and 
Aristida purpurea (seeds from Burlington) did not germinate. By June 15, 
Stipa and A. scoparius were mostly dead or dying, and from this time there 
was a steady decline until August 30, when all had succumbed. 

It is interesting to note that, although heavy rains occurred immediately 
after sowing and at two other intervals, only two species had germinated by 
May 15. Holard determinations show no indication of failing moisture in the 
surface 6 inches until the middle of June (table 6), but this is no criterion of 
the alternate periods of wetting and drying undergone by the seeds in the 
surface inch of soil. The drought during June was marked, no efficient 
precipitation falling from the 7th until the 25th; in fact, the rainfall was less 
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Fria. 9.—Monthly precipitation at Lincoln, 1920-1922; the monthly mean is shown 
by heavy cross-bars. 


than half of the normal (fig. 9). Drought weakened the seedlings, but not to 
such an extent that they were unable to survive during the favorable growing 
weather of July and August, and competition for light undoubtedly played the 
decisive réle. By late in May the light intensity at the soil surface (where the 
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prairie was burned the preceding spring) was reduced to 12.5 per cent, with a 
range of 2.5 to 26 per cent as determined by the stop-watch photometer, and 
later in the season this was much further decreased. 


TRENCH SOWING. 


The various species sown by this method all germinated, except Koeleria. 
The June drought resulted in the loss of 6 of the 12 species, nearly all of which 
were in fine condition early in the month. Five of the six remaining species 
not only survived the summer, but became permanently established. The 
failure of the four introduced species is of interest, especially since the holard 
was quite favorable for growth throughout the season (table 6). The attenu- 
ated condition of certain species noted was due to competition for light; by 
midsummer (July 25) the light values were only 20 per cent, even at a height 
of 4 inches above the surface, under a moderate cover. 


QUADRAT SOWING. 


With three exceptions, all of the species sown on the surface or in the 
trench were also planted in denuded quadrats. Two plantings were made, one 
on April 16 and another on May 4 (table 58). Although the June drought 
made its impress upon the seedlings, all but three species, Koeleria cristata 
Stipa comata, and S. coronata, survived the summer. In fact, the following 
season showed that all of these were permanently established, except the 
California stipas, which were winterkilled. It is interesting to note that 
grasshoppers, while not attacking the native seedlings, greedily ate the intro- 
duced ones (except Stipa viridula). This alone might constitute a biological 
barrier. Little difference was noted in the success of the seedlings planted 
at different dates. At both plantings the soil was quite moist and good rains 
soon followed. Even a short period of drought after germination is often 
disastrous, as can be understood from a study of the life-history of the seed- 
lings. Since it is extremely difficult to recover with certainty the delicate 
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Fig. 10.—Plants of Bouteloua gracilis (A), Bouteloua hirsuta (B), 
and Sporobolus asper (C), 44-days old; scale 1 foot. * 
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roots among the dense tangle of the native sod, plants for this purpose were 
grown in a similar soil free from vegetation. In early growth these were 
comparable to those in the quadrats, though differences occurred later. 


Root Hasits oF SEEDLINGS. 


Plants for root study were planted in fertile cultivated soil on April 20. 
The roots were first examined on June 3 and 4, when the plants were about 44 


Fia. 11.—Bouteloua gracilis 3 months old. 
Fia. 12.—Bouteloua hirsuta 3 months old. 


days old. The plants of Bouteloua gracilis, Sporobolus asper, and Bouteloua 
hirsuta were 8 or 4 inches tall, each had 3 to 5 leaves, and most of them were 
beginning to tiller (figs. 10, a, B, c). The position of the seed and the pro- 
nounced branching of the single primary root are clearly evident, and the 
depth of 7 to 11 inches so early attained is significant. Tillering occurred 
simultaneously with the development of a secondary root system, a phenome- 
non which is common also to the cultivated cereals (Weaver, Kramer, and 
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Reed, 1923). The period of tillering, before the new roots have become well 
established in the moist layers of soil, is a very critical one for the plant, 
drought at this time often causing great mortality. Where a little erosion 
occurs, it may be plainly seen that the seedling is literally hanging on to life 
by a single thread. 


13 14 
Fie. 13.—Stipa spartea 3 months old. Fia, 14.—Agropyrum glaucum 8 months old. 


By July 11 to 14 the root development of Bouteloua gracilis, under the favor- 
able growth conditions and lack of competition, had a height of foliage of about 
8 inches, while flower-stalks 12 to 18 inches tall bore spikes of flowers almost 
in bloom. However, the plants in the quadrats were only 4 to 6 inches tall. 
The primary root was still plainly distinguishable from the abundant widely 


MIXED PRAIRIE. oL 


spreading or deeply penetrating ones of the secondary system. The working- 
level was about 20 inches; some roots reached depths of 33 inches (fig. 11). 
Bouteloua hirsuta was even more deeply rooted than the preceding, although 
its above-ground parts were scarcely so well developed (fig. 12). The root 
penetration of Stipa spartea was similar to that of the gramas, though the 
two or three roots of the primary system alone had penetrated deeply, the 
larger fleshy branches of the secondary system mostly ending at a depth of 
about 8 inches. The plants were 8 to 10 inches tall; the parent plants had 
about 5 leaves and some were well tillered (fig. 13). 

The development of Agropyrum glaucum is shown in figure 14. Aristida 
purpurea at this time had formed heavily tillered clumps 6 to 8 inches tall, 
which were only slightly better developed than those in the prairie quadrats. 
The roots had a working depth of 20 inches and a maximum penetration of 32 
inches. Plants of Elymus with a height of 12 to 15 inches (compared with 5 
inches in the quadrats) showed a similar root depth. Stipa viridula, which 
also grew more vigorously in these plats, with a height of 8 to 10 inches, had a 
working level of 16 inches, while the longer roots penetrated 33 inches into the 
moist soil. These data show clearly why a species, after the hazards of the first 
season are past, has much greater chances of survival. 


SUMMARY OF PLANTING RESULTS. 


With respect to results on high prairie, the germination on the surface, in 
the trench and in the quadrats was 66, 92, and 100 per cent respectively, and 
the survival, 0, 45, and 80 per cent. Most of the introduced species were 
badly damaged by grasshoppers, although some in the quadrats survived the 
season but were winterkilled. Aside from these, all the species that persisted 
to the end of the first season became permanently established. Andropogon 
scoparius, A. nutans, and Bouteloua gracilis grew well in both trench and 
quadrat. 

Sop TRANSPLANTS. 


Sods of the following species were planted on April 23, mostly in triplicate. 
All showed some drought effects during June, such as rolling of the leaves, but 
most species grew normally and all survived. Among those from the high 
prairie, Agropyrum glaucum, Elymus canadensis, Koeleria cristata, and Stipa 
spartea produced seed, while Andropogon scoparius and Bouteloua racemosa 
failed to form flower-stalks. Boutelowa gracilis from the gravel-knoll did not 
blossom, but Distichlis spicata from the salt-flat seeded profusely. Andro- 
pogon nulans was the only species from the low prairie which did not fruit, 
A. furcatus, Poa pratensis, Panicum virgatum, and Spartina cynosuroides all 
producing seed. . 


MIXED PRAIRIE, PHILLIPSBURG. 


SURFACE SOWING. 


Seeding was done on May 7 with the same six species as those used at 
Lincoln. When examined on June 10, three species only had germinated, 
‘ but these were quite abundant. By July 1, two, Koelera cristata and Stipa 
viridula, had died, while Elymus was represented by a few slender narrow- 
leaved plants with dead tips, which succumbed by July 10. Good rains 


when drought 


The attenuated condition of the 
An average value 


of 28 per cent (range 2.8 to 80 per cent) was determined for this station on 


June 11. 


No rains sufficient even 


EXPERIMENTS DURING 1920. 
-soil fell after June 18 until the 14th of July, 


occurred soon after planting and at two later periods in May. However, an 
examination of the rainfall data shows that the precipitation for June was much 


less than half of the normal, as at Lincoln (fig. 15). 


to wet the surface 
again prevailed until late July (table 6). 


longer-lived species was due to the competition for light. 
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Fic. 15.—Monthly precipitation at Phillipsburg, 1920-1922; the monthly mean is 


Fic. 16.—Monthly precipitation at Burlington, 1920-1922; the monthly mean is 
shown by heavy cross-bars. 


SHORT-GRASS PLAINS. oo 


TRENCH AND QuapDRAT SowINa. 


The behavior of the same species, sown in the trench, is summarized in 
table 9. While all germinated, two died by July 1, another by August 4, and 
only two, Andropogon scoparius and A. nutans, grew throughout the season 
and became permanently established. These plants, with others, did much 
better in the quadrats. While all but Aristida germinated by July 1, several 
showed a high mortality due to drought, although only two species had died. 
Conditions became drier during July and only six species were represented by 
the end of the summer. All of them became permanently established, Bou- 
teloua gracilis forming flower-stalks the first season. 

Thus, there was a mortality of 100 per cent among plants where the seed 
was surface-sown, while 33 per cent survived in the trench, and 67 per cent 
in the quadrats. Andropogon scoparius and A. nutans did well in both trench 
and quadrats, but Bouteloua gracilis alone flowered the first year. No sods 
were transplanted at this station. 


SHORT-GRASS PLAINS, BURLINGTON. 


SURFACE SOWING. 


The account of the growth of surface-planted species at Burlington is brief. 
Of the 13 species sown on April 15, evidences of germination were found for 
only 6 on June 11, and the plants of two of these species were dead. By 
July 2, three species alone remained, and one of these, Liatris punctata, died 
before the end of the summer. Bouteloua gracilis merged into and became 
scarcely distinguishable from the native sod; Stipa viridula tillered heavily 
and was over 6 inches tall. 

Precipitation records show that showers (0.25 to 0.63 inch) fell in April after 
seeding, but this was followed by no efficient rainfall (0.15 inch or more) 
until the middle of May. Another drought period intervened until the 27th, 
when 0.25 inch of rain fell, after which drought ensued until June 18, all of this 
serving to emphasize the unfavorable conditions to which the plants were 
subjected (fig. 16). The almost constant lack of rainfall throughout the 
summer was enhanced by the frequent high winds, low humidity, and high 
evaporation (figs. 7 and 8). 


TRENCH AND QUADRAT SOWING. 


Thirteen species were sown in the trench on April 15. Evidence that 
Andropogon nutans and Elymus canadensis had germinated was found, but 
both species had died and none germinated later. With one or two exceptions 
the same species that were sown on the surface and in the trench were also 
planted in denuded quadrats. Their growth throughout the season is shown 
in table 60. Seven of the 13 species germinated; all but four were dead by 
July 2, and only three species, Andropogon nutans, Stipa viridula, and Liatris 
punctata, became established. ; 

A summary shows that 33 per cent of the surface-sown species that germi- 
nated survived; all of those in the trench succumbed, while in the denuded 
quadrats 43 per cent lived through the season and as usual became established. 
Stipa viridula survived both on the surface and in the quadrats, Bouteloua 
gracilis on the surface, and Andropogon nutans and Liatris punctata in the 
quadrats. 


34 EXPERIMENTS DURING 1920. 


Sop TRANSPLANTS. 


Blocks of sod of the following species, mostly in quadruplicate, were secured 
from the several stations at Lincoln and planted at Burlington: Agropyrum 
glaucum, Andropogon scoparius, A. furcatus, Boutelowa racemosa, Elymus 
canadensis, Koeleria cristata, Panicum virgatum, Poa pratensis, and Stipa 
spartea. Before planting the sods in the holes made in the short-grass mats, 
these were filled with water, which was allowed to sink into the deeper layers 
before the block was tamped in place. The grasses were planted in two long 
rows, each having two blocks of each species, and several feet of unbroken 
sod thus intervened between the blocks. After planting, all were thoroughly 
watered, and this was repeated on one row at intervals of 2 or 3 weeks through- 
out the season, as proved necessary. It was found later that the watered 
row, which had been planted only 2 or 3 feet from a broken area, had received 
some run-off water from the furrow separating the broken field from the 
grassland. 

Although none of the transplants died, the drought affected the unwatered 
row in a number of ways, while even the watered plants did not attain normal 
development. Nearly all of the former exhibited a marked rolling of the 
leaves and even severe wilting at times, and the tips on several species as well 
as whole plants died back considerably. Elymus, Koeleria, Panicum, and 
Stipa flowered under both conditions, but the flower-stalks were usually fewer 
and decidedly shorter in the unwatered row, as was true of the foliage also. 
Thus, the maximum leaf-height of Panicum under the two conditions was 13 
and 20 inches respectively, while the height of the panicles ranged in the one 
case from 7 to 13 and in the other from 19 to 20 inches. Stipa, Koeleria, and 
Elymus seeded in both habitats, but Agropyrum and Andropogon furcatus in 
neither, while A. scopartus and Bouteloua racemosa each had a single flower- 
stalk in the watered area. The ultimate fate of these transplants is indicated 
on pages 68-70. 

SUMMARY OF EXPERIMENTS. 


The results of the 1920 experiments at the three stations are summarized in 
table 9. 


TABLE 9.—Summary of experimental seeding, 1920. 


Per cent of germinated species 


Per cent of germination.! estanienede 
Method. 
Lincoln. Phillips- Burling- Lincoln. Phillips- Burling- 
burg. burg. ton. 
Surface-sowing...... 66 50 0 
ebrenchis cmeceewcscicke 92 100 33 
Denuded quadrat.... 100 90 67 
AV Ona GC em icre aes 86 80 33 


1As indicated elswhere, it is entirely possible that some seeds germinated, but did not appear 
above ground, or died later and disappeared between visits to the stations, though it seems prob- 
able that few remnants were overlooked. 


Of the plants surviving, only three, Andropogon nutans, Boutelowa gracilis, 
and Stipa viridula, succeeded under at least one condition at all three stations. 


CULTIVATED AREAS. oo 


Andropogon scoparius and Boutelowa hirsuta grew at all stations but Burlington, 
and Liatris punctata at all but Lincoln. Elymus, Bouteloua racemosa, and 
Aristida purpurea lived throughout the season at Lincoln only. In most cases 
a somewhat better growth occurred at Lincoln than westward. For example, 
Andropogon nutans was 7 to 10 inches tall at Lincoln, 6 to 9 inches at Phillips- 
burg, and 4 to 5 inches at Burlington late in August. Among the transplanted, 
about 70 per cent flowered at both Lincoln and Burlington, those at the latter 
station having been watered. Of the unwatered sods at Burlington, 53 per 
cent had flower-stalks, but some had only one each. While the transplants at 
Lincoln developed quite normally, most of those at Burlington were much 
dwarfed, even when watered. 


SEEDING IN CULTIVATED AREAS AT ALL STATIONS. 


TRUE PRAIRIE. 


The germination and growth of the preceding species in cultivated soil at 
the several stations is instructive. In every case a good seed-bed was prepared 
by plowing, disking, harrowing, etc., and a part of the fields used in growing 
experimental crop-plants (Weaver, 1920, 1922) was set aside for native vegeta- 
tion. Weeds were removed from time to time by hoeing. In these experi- 
ments the trench method alone was used. The upland station at Lincoln was 
located on a broad, level hilltop of silt loam adjoining the upland prairie. 

All but two species, Aristida purpurea and Bouteloua 
hirsuta, germinated, and all of the others except 
Koeleria came through the first season successfully. 
Because of the lack of the root competition which is 
regularly encountered by plants in the native prairie, 
these plants suffered less from midsummer drought. 
The tillering was much heavier and the plants were 
in all respects more vigorous. For example, Andro- 
pogon nutans was 7 to 10 inches tall in the prairie 
quadrats and 12 to 17 inches in the field on August 
30. Hlymus was 4 to 8 inches and 10 to 14 inches 
tall and Bouteloua gracilis 4 and 9 inches respectively 
in the two habitats. Like Boutelowa racemosa, both 
were putting forth flower-stalks in the cultivated field. 
They all seeded by October, together with Andropogon 
scoparius, although the flower-stalks of Andropogon 
and Elymus were dwarfed. 


Root DEVELOPMENT. 


The striking growth made by these native species 
in a single season emphasizes the effect of the removal 
of competition, as shown especially by the root devel- 
opment, e. g., Andropogon scoparius, with a maximum 
penetration of 4 feet (plate 3A). Fully mature plants Jae pe ed OE id. 
excavated in the prairie in similar soil differed mainly Dia atenat nnn 
in their greater depth of penetration, about 5.5 feet season’s gr owth. 
(Weaver, 1919:4). Stipa viridula (plate 3B) had a well-developed root system, 
a few of the longer roots extending to the 33-inch level, but compared with the 
roots of mature plants in the native habit at the root system had scarcely 
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begun. At Colorado Springs they had a lateral spread of over 1.5 feet and 
a working level of nearly 11 feet. The roots of Elymus canadensis under- 
went a remarkable development, as shown in plate 4A, and as with mature 
specimens, most of the roots were in the first 1.5 feet of soil. However, this 
year-old plant exceeded in depth (34 inches) any excavated in grassland, 
and especially in the large number and profuse branching of its roots. 
Liatris punctata, though only 3 inches tall and with but 2 leaves, possessed 
a tap-root that penetrated to a depth of 3.3 feet (fig 17). A considerable 
supply of reserve food had been stored in the enlarged portion of the tap, 
which had a maximum diameter of 5mm. Mature plants reached depths 
of 6 to 15 feet. 

Both tops and roots of Boutelowa racemosa made exceptional growth; one 
plant was photographed and excavated on August 25, 1919, only 124 days 
after the seed was planted in the greenhouse on April 23, the seedlings having 
been transplanted to the field on May 10 (plate 48). Mature plants reach- 
ed depths of 5.5 feet. Stipa comata and Andropogon nutans attained working- 
levels of 18 and 28 inches respectively and maximum depths of 34 and 48 
inches. The root habit and extent in both cases were similar to those of 
mature plants (plate 4c). 


Mrxep PRAIRIE AND SHORT-GRASS PLAINS. 


At Phillipsburg, six species were planted on May 7 in a field adjoining the 
prairie station. Andropogon nutans, A. scopartus, and Koeleria cristata did 
not germinate, Aristida purpurea grew until midsummer only, while Elymus 
canadensis and Stipa viridula both prospered. By July 10 the two tillers on 
each plant of Elymus were practically as tall as the parent, but, unlike the 
plants at Lincoln, none produced flower-stalks. 

At Burlington the plantings were made on the same day as in the grassland, 
viz, April 15. The following either did not germinate or died soon after 
germinating: Andropogon nutans, A. scoparius, Aristida purpurea, Bouteloua 
gracilis, B. racemosa, Koeleria cristata, Liatris punctata, Panicum virgatum, 
Stipa comata, and S. setigera. Stipa viridula made excellent growth throughout 
the summer, reaching a height of 8 to 12 inches. A thick stand of Elymus 
canadensis was obtained, but the plants died during the summer. 

To summarize, germination of 83, 50, and 18 per cent respectively was 
obtained at the several stations going westward. Among those which germi- 
nated, Koelerza died at Lincoln and Aristida at Phillipsburg. Elymus was 
successful at these two stations, but flowered only at Lincoln. Stipa viridula 
succeeded at all three stations, doing quite as well or even better westward. 
Seven other species grew at Lincoln but not elsewhere. The holard of the 
cultivated fields decreased in nearly the same proportion as in the grassland 
at the several stations. The response of the seedlings to the different climates 
was in close agreement with that of the seedlings and transplants in the 
grassland. 


EXPERIMENTS AT OTHER CLIMATIC STATIONS. 
SuBCLIMAX PRarIRIE, NEBRASKA CiTy. 
CHARACTER. 


The subclimax-prairie station was located near Nebraska City, on a gentle 
east slope somewhat over halfway down one of the large rolling hills char- 


SUBCLIMAX PRAIRIE. oe 


acteristic of the topography of the region. It was situated in an area of 
native grassland of over 125 acres inextent. The soil is a dark-brown fine silt 
loam, consisting of glacial materials intermixed with loess. Below 1.5 feet it is 
quite yellowish in color and shows more plainly its loess origin. The high per- 
centage of clay and silt is indicated by its hygroscopic coefficient, which is 
about 12 per cent; hence it is very retentive of moisture. As already indi- 
cated, the precipitation at this station is approximately 5 inches greater (33 
inches) than at Lincoln. This additional moisture promotes the growth of 
a more luxuriant grassland -vegetation and permits the presence of a large 
number of herbs and shrubs found rarely or at least much less abundantly 
in true prairie (plate 73). 
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Fic. 18.—Monthly precipitation at Nebraska City, 1920-1922; the monthly mean 
is shown by heavy cross-bars. 


As shown in figure 18, April had about twice the normal amount of precipita- 
tion. Moreover, this was well distributed and probably accounts for the 
high percentage (80) of germination. However, the rainfall of May was far 
below normal, while that of June was less than one-third the usual amount, 
only two rains falling (0.35 inch on the 15th and 0.70 on the 25th). July was 
likewise a dry month. 

The dominant grasses are Andropogon nutans, A. furcatus, A. scoparius, and 
Stipa spartea. Koeleria cristata, Poa pratensis, Bouteloua racemosa, Panicum 
virgatum, and Spartina cynosuroides, which runs far up the ravines, are of 
lesser importance. The regular occurrence of A. furcatus and Panicum on 
highland and their excellent development indicate more favorable conditions 
for growth than in true prairie. The seasonal aspects and herbaceous societies 
resemble those described for Lincoln (Pound and Clements, 1900; Thornber, 
1901). Throughout the grassland, even on the ridges, postclimax com- 
munities of Ceanothus ovatus, Amorpha canescens, and Rosa arkansana occur, 
being held in check by annual mowing. Symphoricarpus vulgaris and occi- 
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dentalis, Corylus americana, Cornus asperifolia, Rhus glabra, and Xanthoyzlum 
americanum invade the grassland from the vantage-ground of fences, hedge- 
rows, and ravines. In unmown and unpastured areas these with others, 
including many trees, form thickets or groves overrun with Vitis, Rubus, 
Ampelopsis, Celastrus, Smilax, etc., indicating the approach to climax condi- 
tions. 


RESULTS. 


On April 2, ten species were sown on the surface of an area mown 
the preceding fall. Aristida purpurea and Bouteloua gracilis failed to germi- 
nate. Stipa viridula, S. comata (like Aristida, from seed collected at Colorado 
Springs), Koelerta cristata, and Liatris punctata died by midsummer, while 
A. scoparius, A. nutans, Bouteloua hirsuta, and Elymus, after suffering some- 
what severe mortality, came through in good condition and became perma- 
nently established. 


Taste 10.—Holard in excess of hygroscopic coefficient, 
Nebraska City, 1920. 


Date. 0.0 to 0.5] 0.5to 1 | 1 to 2 2 to 3 3 to 4 
foot. foot. feet. feet. feet. 
SA OTe aia ae 24.2 2S 18.3 14.2 12.6 
June 6.. 14.2 16.9 Wes) aateaks trae 
June 14..... 16.7 10.6 serene 
June21... 2 8.4 6.7 1258 
June 30..... 8.9 7.9 SAE 
OUlye 4a ore 9.8 4.7 (eal Rees ace 
July 19 4.5 5.3 tee 8.9 9.9 
DU ye2Sae eae OAc 3.4 4.9 5 Rot: 
ANI Ga 4 eens 0.3 1 ay 3.4 6.1 7.6 
Augil2oa.he 9.7 2.6 Bat BAe ane 
Augsi9.. a. 28.5 3.9 2.4 BS ca ot Lae 
Aug e282 sa 12.4 9.5 5.2 320 Deo 
Hygroscopic 
coefficient.| 12.1 abe 1QES UB af 12.9 


The attenuation of the leaves of the seedlings became noticeable early in 
June. By this time the average level had reached 11 inches, above which 
Stipa (3 feet), Huphorbia corollata, Silphium integrifolium, and various other 
herbs occurred. Light values ranged from 2.5 to 40 per cent. 

The behavior of the species planted in the trench was exceptionally good. 
All germinated and all but four lived through the season, owing to the rather 
favorable chresard of early summer, which promoted rapid root growth 
(table 10). 

The same species planted in the quadrats did much better. All germinated, 
became established, and lived throughout the summer. As usual, a fairly 
high mortality occurred among most species at the critical period, when the 
primary root system was supplying a maximum of transpiring area before the 
secondary one became established. As a consequence, the seedlings thrived 
best or held out longest about the edges of the quadrats. In solving this 
problem a comparison of conditions within the disturbed area, as compared 
with that in the undisturbed grassland, is illuminating. 
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TaBLE 11.—Comparison of chresard and soil temperatures in denuded quadrats and in adjacent 
undisturbed grassland. 


Chresard. 
Station. Date. Depth. | Remarks. 
Grass- |Denuded| Differ- 
land. | quadrat.} ence. 
inches. Duct. p. ct. p. ct. 
July 14 0 to 6 22.0 14.0 8.0 
Lincoln, high prairie.|{..Do... 6 to 12 16.8 121 4.7 
June 14 0 to6 6.8 11.3 —4.5 
WO cr 0 to 6 10.7 19.9 —9.2 
Lincoln, low prairie. .|}..Vo... 6 to 12 13/28 20.2 —6.4 
June 22 QO to38 6.9 —0.6 ae 
Dore 3 to 6 pay 13.3 
June 21 0 to3 2.0 —4.2 
Nebraska City...... DOR 3 to4 Se 17.9 
Ol om 0 to3 rani —2.6 
Phillipsburg........ May 19 0 to 3 Heres 5.8 Aft 
| Do 0 to6 5.4 12.9 van 
Temperature. 
Station. Date. Depth. Remarks. 
Grass- |Denuded] Differ- 
land. | quadrat.| ence. 
inches. ces eC coe 
Lincoln, high prairie.| May 5 | Undersurface| 27.6 16.2 11.4 | 1p. m,, clear, 
hot. 
Inco slow: Prairies. DOs. 4). .-UOn osas5. 22.5 19.5 3.0 | 12 noon, clear, 
hot. 
Lincoln, gravel-knoll.| June 14 33 26.5 21.2 Dramas s m., clear, 
ot. 
Lincoln, high prairie.|...Do...| Undersurface|} 37.0 41.0 4.0 Do. 
Lincoln, low prairie. .|...Do... a 34.0 47.0 13.0 | 2p.m., burned 
area. 
1 DYE a Src pel Rs Ree Ones 3 30.0 38.0 8.0 Do. 
Lincoln, gravel-knoll.|...Do... 1 41.5 46.0 Aone |e * m., clear, 
ot. 
DD Opens eee eeabiocens-o ee Omen 3 Se 41.0 Bld Do. 
Nebraska City...... June 21 | Undersurface| 58.0 38.2 19.8 | 230™ p. m., 
clear, hot. 
NY Olena iceacaitel a joulet sree Be LD Oluer 3 37.6 32.4 Sez Do. 


It is evident that it is often much drier in the quadrats, the soil hotter, and 
the humidity much lower. The average daily evaporation is from 15 to 40 
per cent higher in the bare area. These conditions are obviously unfavorable 
for seedlings. The partial shade about the edges of the quadrats lowers the 
temperature, lessens wind movement, increases the humidity, and undoubt- 
edly accounts for the seedlings growing here when drought kills them else- 


where. 
Mrxep PRAIRIE, COLORADO SPRINGS. 


CHARACTER. 


The station at Colorado Springs was located on a hillside sloping gently 
southward and in the midst of a great expanse of mixed prairie, about 2 miles 
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east of the city. As typical for much of the region, the soil consists of a light- 
colored loam intermixed with some sand. It is very compact and run-off is 
high; at a depth of 6 to 10 feet it is underlaid with sand. The distribution of 
the rather meager precipitation (15 inches) throughout the year is very 
similar to that for other stations. The holard of the surface foot is about 45 
per cent and the echard 8.2 per cent. Studies of the water-content throughout 
a number of years show that it is frequently reduced to the hygroscopic co- 
efficient in the surface layers, and the soil may become very dry to a depth 
of at least 4 feet. The high evaporation, which is often twice as great as in 
true prairie, accentuates drought. The extremes of day and night tem- 
perature are similar to those at Burlington. The high day temperatures 
cause low humidity (frequently 5 to 15 per cent) in the afternoon and cor- 
responding water-loss from both plants and soil. 

The climate is reflected in the composition of the grassland, both in the 
absence of many true-prairie species and the relative dwarfing of the others 
that grow in this habitat. As a result of close grazing before fencing the 
station, Boutelowa gracilis was quite dominant. Other short-grasses or sedges 
were Muhlenbergia gracillima and Carex pennsylvanica. Stipa comata, Andro- 
pogon scoparius, Agropyrum glaucum, Aristida purpurea, Koeleria cristata, 
Bouteloua racemosa, and Andropogon furcatus all reappeared after cattle were 
excluded, the latter only sparsely. Artemzsia frigida, Aragalus lamberti, Lupi- 
nus argenteus, Senecio aureus, Abronia fragrans, Chrysopsis villosa, Psoralea 
tenuiflora, and Argemone platyceras all form extensive societies. Ratibida 
columnaris, Opuntia camanchica, O. fragilis, and Thelesperma trifidum were 
somewhat abundant. Most of the grasses are rooted at a depth of 3 to 5 feet, 
while many forbs penetrate much more deeply, some to 12 feet. This grass- 
land never reaches the luxuriance of true prairie and consequently light played 
a very minor role in the following experiments. 


RESULTS. 


The seeds of 9 species were planted in quadrats, but not until June 17. 
All were from Lincoln except Aristida purpurea and Stipa viridula. Boutelowa 
gracilis, B. hirsuta, and Koeleria failed to germinate, while Liatris punctata 
died soon after germination. Andropogon scoparius, A. nutans, Elymus 
canadensis, and Stipa viridula became established, but like the others were 
watered from time to time. 

On June 9 the following sods from Lincoln were transplanted, being abun- 
dantly watered at the time of planting and at several intervals afterward: 
Agropyrum glaucum, Andropogon furcatus, A. scoparius, Bouteloua racemvsa, 
Bulbilts dactyloides, Elymus canadensis, Koeleria cristata, Panicum virgatum, 
and Stipa spartea. Although they made a rather poor growth, due partly to 
the late period of transplanting, all survived the first season. 


EXPERIMENTS AT EDAPHIC STATIONS. 


GRAVEL-KNOLL STATION. 
CHARACTER. 


A comprehensive series of edaphic stations was located at Lincoln, all within 
a distance of a half-mile, ranging from gravel-knoll through high prairie, low 
prairie, lowland cultivated field, and salt-flat to swamp. 
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The gravel-knoll station, which was only 300 feet south of the high prairie, 
occupied the crest of a steep hill about 60 feet above the valley of Salt Creek 
(plate 54). The soil is a drift and consists of very porous coarse sandy to 
gravelly loam with a water-holding capacity of only 40 per cent of its dry 
weight. At a variable depth, about 4 feet, it is underlaid with clay. The 
hygroscopic coefficients at the several depths, together with the chresard 
during 1920, are given in table 12. 


TaBLE 12.—Holard in excess of hygroscopic coefficient. 


0.0 to 0.5) 6.56 tol} 1 to 2 2to3 3 to 4 


Date. foot. foot. feet. feet. feet. 
Are? ra: ie. 8) 28 13.3 
Mayo 5... 14.2 55) iis al 
UIC BO! eters 4.6 5.1 saan We aia 
June 1635 =. —0.2 0.0 4.1 6.6 
June 23 —1.1 —0.2 1.8 Pee: ade 
ulyaed ie oe —0.9 ILE ee 26 ite 5.8 
July“29..... —-1.8 —0.6 ol Ris os reeks 
AU Oe -1.9 —1.7 Oe 1.4 U 23 
PANT Dive eee 3.3 —1.3 0.4 Aer eat 
ATI ENON 5 8.6 2.3 0.3 ear ee 
Ato Lee. Continued heavy rains; no samples taken. 
Hygroscopic 

coefficient. 5.2 4.9 all 2.8 vee 


The low water-content is due not alone to the nature of the soil, but also to 
the steep and generally south slope, which produces a high run-off and greatly 
increases the temperature. These factors, together with greater wind move- 
ment and higher evaporation than at the high-prairie station, subject both 
soil and vegetation to frequent drought. The area was dominated by rather 
open mats of Bouteloua gracilis intermixed with B. hirsuta, which Stipa 
spartea, Andropogon, and other tail-grasses were invading with difficulty from 
their foothold in the silt loam farther down the slope. However, the transition 
from one soil type to the other is quite abrupt and the ecotone correspondingly 
sharp, a narrow belt of what is essentially mixed-prairie occupying this area. 


BEHAVIOR. 


Of the seven native species sown in the trench on April 16, Aristida purpurea 
and Liatris punctata failed to germinate. Elymus canadensis and Koeleria 
cristata were all dead by July 15, together with Stipa coronata and S. setzgera, 
dominants introduced from California. The single remaining clump of Stzpa 
viridula was disturbed by rodents and died later, leaving only Andropogon 
nutans and A. scoparius as survivors of the first season. Among these the 
mortality was very high; the leaf-tips of many plants were dead, while the 
best plants were only 4 to 6 inches: tall. In the quadrats the same species 
did even more poorly, only five germinating. One of these died by June 2, 
while all of the others, after a period of leaf-rolling, wilting, and progressive 
drying of the leaves, succumbed by the middle of July or not long afterwards. 

Sods of Agropyrum glaucum, Andropogon scoparius, Boutelowa racemosa, 
Elymus canadensis, Koeleria cristata, and Stipa spartea were transplanted 
from high prairie to gravel-knoll on April 20. Andropogon furcatus, A. nutans, 
Poa pratensis, Panicum virgatum, and Spartina cynosuroides were also trans- 
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planted here from the low prairie. Duplicate and often triplicate blocks of 
sod were used. One lot of each was watered thoroughly at two or three of the 
most critical periods during the summer. On June 15, none of the sods having 
been watered since transplanting, Andropogon furcatus and Panicum were 
badly wilted and the leaves on Andropogon were rolled, while both Koeleria 
and Stipa had blossomed earlier than elsewhere and the plants were drying at 
the base. Two weeks later, no rain having occurred until the 25th, all of the 
unwatered plants had either ripened seeds and were drying (Koeleria, Poa, 
Stipa), or had revived as a result of the rains, but were again in a wilted state. 
During August, one sod of Poa and another of Andropogon scoparius died, 
while the unwatered Agropyrum, Andropogon furcatus and another A. sco- 
parius were nearly dead. The plants with a rather shallow root habit, viz, 
Koeleria, Stipa, and Elymus, suffered less, probably because they could com- 
pete more successfully with the gramas for water in the surface soil. However, 
Bouteloua racemosa and even Spartina survived in fair condition, although 
dwarfed. In addition to the three early bloomers already mentioned, Elymus 
and Agropyrum were the only ones that flowered. The ultimate fate of these 
species is indicated later (p. 83). The low chresard, or its entire absence during 
certain periods of drought, is shown in table 12. 


LOW-PRAIRIE STATION. 
CHARACTER. 


This station was located on a level tract at the foot of the hill about 60 feet 
below the high-prairie and gravel-knoll stations and only a quarter of a mile 
southward (plate 5p). The soil is a fertile, dark-colored silt loam of the 
Wabash series. It is very fine in texture, being composed mostly of silt and 
clay (tables 13 and 14), and with the Truog test showed no trace of acidity. 
The greater amount of volatile matter and the greater nitrogen-content at all 
depths than in soil from the upland indicate more favorable conditions for 
plant growth. 


TasBLe 13.—Mechanical analysis of soil from lowland cultivated area. 


Depth of Coarse| Fine | Coarse ; Fine fo Moisture 
d fi Silt. lay. : 

sample (feet). | gravel. | gravel. | sand. Seay sand. ia oe Clay equivalent. 

0:00 0/5255 On 0.4 PAP 1.8 5.0 25.0 

0.5 to 1.0 ft...] 0.3 0.7 201 2.2 5.0 25.4 

LeEOUL tere ee 0.2 0.3 1:3 1.5 Out o14 

DLO Sverdante ls 0.0 0.1 0.4 0.5 Lae: 19.2 


Depth of 
sample 
(feet). 


Soluble | Volatile Tron ae d Calcium Magne-|Phospho- 
aluminium aad sium j|rus pent- 
oxids. . oxid. oxid. 


Insoluble 


residue. salts. matter. 


0.0 to 0.5..| 79.34 
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Moreover, the chresard is constantly greater than on the high prairie, 
though the area is well-drained and the soil is never waterlogged. 


TaB_E 15.—Holard in excess of hygroscopic coefficient. 


Qto 0.5/0.5 to 1 | 1 to 2 2to 3 3 to 4 


Date foot. foot. feet. feet. feet. 
AprelOn wes 28.7 22.3 21.8 18.7 18.8 
Apraalisnc. 26.1 eee 22.1 aaeye 
WIP AT Read 6 331 25.6 23.9 eee 
JUNC OMe wk: 2520 24.0 eras ae 
une 16.0... 13.6 16.6 19.5 26.4 
June 23..... 9.3 12.5 20.4 SESS eee 
yin Aon ae 27.4 QT: DO 19.5 22.7 
Julye2Srn 17.6 12.5 15.7 Nees NOE 
Aug. 5 2.3 8.2 11.5 12.0 23.6 
ANG, 2 tet 15.4 12.4 11.8 ee eh 
Aug, 19) 5. 38 21.8 8.8 10.1 eS ane; 
AUG STS ee 5. Continued heavy rains; no samples taken. 
Hygroscopic 


coefficient. 


The low-prairie area is dominated by a few species less xerophytic than 
those occurring on the high prairie. Many of the species of the high prairie 
are absent, but are replaced in part by others of a more mesophytic kind. 
The dominant grasses are Andropogon furcatus, Panicum virgatum, Andropogon 
nutans, and Spartina cynosuroides, each of which often covers small areas 
with a pure or nearly pure growth. Poa pratensis is also very important, but is 
overtopped by the taller grasses, which reach a height of 5 or 6 feet (plate 6a). 
Characteristic forbs are Solidago canadensis, 8. rigida, Glycyrrhiza lepidota, 
Aster multiflorus, A. salicifolius, Physalis heterophylla, Polygonum muhlenbergi, 
Artemisia gnaphalodes, Achillea millefolium, and Callirrhoe alcaeoides. Therank 
growth forms a dense cover and makes ecesis in the area very difficult. Bisects 
show that the plants are rooted deeply, most of them reaching depths of 5 
to 12 feet. Root-layers at 3 and 5 feet are quite as distinct as those on the 
high prairie. 

BEHAVIOR. 

Surface sowings of eight species were made on April 10. Two failed to 
germinate, while Bouteloua gracilis germinated but soon died. By June 15 
all were very delicate and much attenuated, owing to the low light intensity. 
A month later Liatris punctata had been shaded out and the others were 
slender and pale in color. Stipa viridula and Andropogon scoparius died 
later, leaving attenuated individuals of A. nutans and Koelerta surviving 
the first season. Koeleria had disappeared by the following spring, but A. 
nutans made a good growth and merged into the native sod. The light 
intensity under the cover of tall-grasses was so reduced as to constitute the 
major factor in competition, in view of the high holard. On June 14, 1922, 
in a portion of the prairie burned over the preceding spring, the light intensity 
under vegetation of average density and with an average height of 12 inches, 
was only 6 per cent. Some seedlings were growing in even deeper shade. By 
July 25 the average had dropped to 3.5 per cent; under a thin cover it was 
12 per cent, but where the vegetation was very dense, only 1.5. 
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Seeds planted in the trench at the same time did somewhat better. 
Although three species failed of germination, all of the others, viz, Andropogon 
“nutans, Bouteloua hirsuta, Elymus canadensis, and Stipa viridula, came 
through the season, although somewhat blanched and attenuated. Thus, A. 
nutans had reached a height of 7 to 8 inches as compared with a growth of 5 or 
6 inches on the high prairie. Light in the trench in June varied from 5 to 10 
per cent near the edge to 50 or 60 per cent in the center. By late July this 
was reduced to 4.5 to 16 per cent, even at 4 inches above the surface. Of the 
eleven species sown in denuded quadrats, all germinated, and all but one, 
Stipa coronata, came through the season in excellent condition. In fact, 
except for Stipa setigera, which was winterkilled, all became established. 
The marked development shows the possibilities of growth in this habitat 
when sufficient light is available. Little difference was apparent between 
the earlier and later sowings. 

A comparison of growth in the denuded quadrats of the prairie and in the 
adjoining cultivated area is of interest. Both were seeded on the same dates, 
weeds being kept out of both areas. The native vegetation in the field was 
consequently free from any competition. Aristida purpurea, Stipa comata, 
S. eminens, and S. setigera failed to germinate, as did also the sowing of 
Andropogon nutans, A. scoparius, and Koeleria cristata made on April 9. All 
others made an excellent growth, even exceeding that in the quadrats. For 
example, the height in inches attained by August 30 by typical representatives 
in field and grassland respectively were: Stipa viridula, 20 and 5 to 7; Koeleria 
cristata, 3 to 4 and 2 to 3; Elymus canadensis, 14 to 16 and7to1l. Moreover, 
the species in the cultivated area were more heavily tillered and three, 
Andropogon nutans, A. scoparius, and Elymus, came into blossom in Sep- 
tember. The root systems were well developed; the roots of Elymus reached 
a maximum depth of 4 feet and those of Andropogon scoparius were abundant 
to 3 feet, while some extended to 4.5 feet. The roots appeared finer than on 
older plants and were not so well-branched near the tips. The ample water- 
content of the fertile soil in the cultivated area, which was similar to that on 
low prairie, together with the lack of competition, accounts for the excellent 
growth. 

Blocks of sods of the same species used on the gravel-knoll (except Andro- 
pogon nutans) and secured from the same sources were transplanted into low 
prairie from March 22 to April 24. Bulbilis dactyloides from overgrazed low 
prairie, Distechlis from salt-flat, and Boutelowa gracilis from gravel-knoll were 
also included. The prairie had been mown the preceding year. During the 
first season all of the plants flourished, including the short-grasses, Bulbilis 
and Bouteloua gracilis. The former produced stolons abundantly, but none 
were able to become rooted. Because of light conditions, the height growth 
of the shorter grasses was somewhat emphasized, while that of the taller 
species was quite normal for lowland. All the transplants flowered the first 
season, except Spariina. The effect of a reserve food-supply in the roots and 
rhizomes is shown by comparing a single season’s growth of Andropogon nutans 
from a block of sod in the low prairie and from seed sown in the lower culti- 
vated plats (plate 8a). 

SALT-FLAT STATION. 


CHARACTER. 


This station is located on a level tract of land just below and only 200 feet 
south of the low prairie. Owing to a small percentage of sodium chloride which 
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has deflocculated the clay (table 16), it is of a very different consistency 
from that of the low prairie (Hall, 1920: 283). Moreover, the adsorption 
of the Na ion in part has left the soil in a slightly acid condition, according to 
Truog’s test. 


TaBiE 16.—Acidity and salt-content at salt-flat station. 


Total soluble Chlorides. 
Depth of salts? 
sample. Aeidity.! 


p. ct. |p. p. m.} p. ct. |p. p.m. 


0.0 to 0.5 foot.} Slight...... 0.17 | 1,700 | 0.06 600 
0.5 to 1.0 foot.| Very slight.} 1.14 |11,400 .18 | 1,800 
1t 
2 t 
3t 
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1 Neutral to litmus in water-extract. 2 No carbonates were present. 


The above conditions, as the holard is very similar to that in the low 
prairie, have greatly affected the type of vegetation. This consists of an open 
growth of salt-grass, Distichlis spicata, which is frequently mixed with a 
sparse growth of Agropyrum pseudorepens (plate 6B). In places occur scat- 
tered plants of Poa pratensis; other species, especially of forbs, are practically 
excluded. Agropyrwm is much dwarfed, and with Distichlis forms a layer 
seldom exceeding 5 to 8 inches in height. The sparse flower-stalks are only 
8 or 10 inches high, and consequently light plays a minor réle in deciding the 
fate of transplants. 


BEHAVIOR. 


The same species as in the case of the low prairie and from the same 
sources as before, were transplanted into the salt-flats, with the exception of 
Bulbilis. Andropogon furcatus, A. scoparius, and Panicum virgatum had been 
transplanted during the spring of 1919. The first season they made a poor 
growth and none put forth flower-stalks; from the outset in 1920, St¢pa 
appeared yellow and dwarfed. All of the others suffered more or less severely 
during the summer drought. Late in June nearly all showed more or less 
wilting and some yellowing. In July the ground was cracked on one or more 
sides of the blocks of sods, a phenomenon due to local soil texture and one 
which did not occur elsewhere, even in the dry soils at Burlington. However, 
none of the transplants died. Compared with their growth in the adjoining 
low prairie, nearly all were greatly dwarfed and lacked vigor and but 6 of the 
13 species blossomed. These were Agropyrum, Distichlis, Bouteloua gracilis, 
Elymus, Koeleria, and Stipa. The-flower-stalks were usually short and the 
inflorescence smaller than normal. 


SWAMP STATION. 


CHARACTER. 


The swamp station is located in the valley at the foot of a hill 0.25 mile 
north of the high-prairie station. During 1920 water stood above the soil- 
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level throughout April, May, and most of June. For the remainder of the 
season the soil was saturated at nearly all times to near the surface. The vege- 
tation consisted chiefly of a rank growth of Spartina cynosuroides, with Scirpus 
atrovirens and Heleocharis palustris. Phalaris arundinacea and relict Typha 
latifolia, with several species of Juncus and Carex, played a minor rédle. 
Adjoining the wettest area and making the transition to the grassland was a 
zone of almost pure Poa pratensis. Sods were transplanted into both areas. 
In the latter the water stood above the surface during April and May, while 
throughout much of the remainder of the season the soil was saturated or 
nearly so almost to the surface. Vegetation in both areas grew rank, but 
aeration was obviously a factor of equal or greater importance than light. 


BEHAVIOR. 


Sods of the same species used on the low prairie were placed in the wettest 
portion of the swamp and in the adjoining Poa zone on April 24. Water stood 
on the surface of the swamp until after June 15. By June 2, Andropogon 
scoparius and Boutelowa gracilis had died, and the leaf-tips were dead on 
A. furcatus, Elymus, and Stipa, while Koeleria, which was heading out at 4 
‘to 8 inches high, had most of its leaves dead. Spartina and Panicum were 
thriving. By the middle of June the whole area was badly overgrown. 
Heleocharis had reached a height of 20 and Scirpus atrovirens 30 inches, while 
both Poa and Spartina overtopped all the transplants. Light values ranged 
from 2 to 10 per cent. Bouteloua racemosa had died and Stipa was nearly 
dead. The basal leaves on Agropyrum and Elymus had died, on the latter to 
a height of 9 inches, and Distichlis was much attenuated. The flower-stalks of 
Koeleria had rotted off at the base and only a few green leaves remained. 
Koeleria, Stipa, A. furcatus, and A. nutans completed the mortality list for the 
first season. Spartina had flower-stalks 5 feet tall. A few poor, slender plants 
of Agropyrum, Distichlis, Poa, and better ones of Panicum survived. The 
stems of Elymus rotted off near the ground, but new shoots came out from the 
base. Panicum did not seed. The other survivors, except Spartina, had 
gone through a period of anthesis earlier in the season. 

Aside from a deficit of oxygen, low light intensities must be considered in 
accounting for these results. During July and August a dense growth of Spar- 
tina, Scirpus, Phalaris, etc., to a height of 4 feet or more so completely over- 
shadowed the transplants that they were found with difficulty, and light 
values ranged between 1.8 and 7.5 per cent. Transplants in the Poa zone 
grew under slightly less unfavorable conditions in regard to both deficient 
aeration and reduced light. However, Andropogon scoparius and A. nutans 
both died in May and Koeleria and Stipa in July. Some of the other species 
had dead basal leaves and were more or less attenuated. All of the survivors 
except A. scoparius, A. furcatus, Bouteloua gracilis, and B. racemosa produced 
seed. 

Sods of Stipa setigera and S. eminens from California were transplanted to 
both high and low prairie on April 27. They were watered from time to time 
as necessary. During May and early June all showed slight to fair growth, but 
by July 15 three had died at each station and the others were growing poorly. 
All had died on the high prairie by August 9, while only one of each species 
survived on the lowland. The leaves on these did not exceed 2 or 3 inches in 
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height. They remained alive until fall, when they were winterkilled. Sods 
of several species from Arizona were transplanted into high prairie on June 2 
and were also watered from time to time. By June 15 some plants showed 
a new growth, but a month later half of them were dead and the others were 
doing poorly. These died during August, with the exception of a single Bou- 
teloua, which produced a flower-stalk 20 inches high; however, this plant was 
winterkilled. 


: SUMMARY. 
EXPERIMENTS. 


A summary of the planting experiments is given in table 17. Omitting 
the data from Colorado Springs, where the plants were watered, the per- 
centage of germination was greatest at Nebraska City and in the low prairie 
at Lincoln, as was also that of establishment, if the cultivated area is omitted. 
Establishment was lowest, 15 per cent, on the gravel-knoll. Of the species 
which frequently failed to germinate, Aristida failed at 6 places of planting, 
Bouteloua hirsuta, B. gracilis, Koeleria, and Liatris at 2 or 3 each, and Andro- 
pogon scoparius at 1. Andropogon nutans grew in 9 of the 10 places sown; 
A. scoparius, Elymus, and B. hirsuta in 6, while Koeleria and Stipa viridula 
grew in 4 of 5. In general, the percentage of germination, as well as that of 
establishment, increased from surface to trench to quadrat, and inversely 
with competition for water and light. 


TABLE 17.—Summary of planting experiments, 1920. 


| 
| P. ct. of species germinating. P. ct. of germinated species 
established. 
Method of fel ig a Sire vs a 
planting. ee 218 “4 oo ae (3 a ae 
ae) see ei ea eased Be ae Oa a po gat es We ca ea = 
a2/FR|S58/86/Sa| 88) 25) 458] 45] 2h 
H ro) o ° tl ° | = fe) 
o) 4 ‘S) Z ie) o 4 So) A iS) 
DUETACEs or nas a a 75 te 80 as 5g 33 ane 50 
PON sia-0 wie 71 57 67 100 re 30 100 100 60 
Denuded quadrat..} 71 100 , 100 56 0 91 100 80 
Average...... 71 77 67 93 56 15 75 100 70 80 


Including with these data those from the high prairie at Lincoln, Phillips- 
burg, and Burlington, and arranging the stations in order of the average per- 
centage of germination under the different methods of sowing, the sequence is 
that shown in column 1 of table 18. Column 2 gives the arrangement based 
on the percentage of the germinated species that became established, the 
low-prairie station ranking ahead of Nebraska City. The difference between 
the percentage of germination in high and low prairie is much less than the 
difference in that of establishment. The use of the most favorable method of 
planting, i. e., the denuded quadrat, gives practically the same sequence of 
stations. 
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TaBLE 18.—Comparison of germination and growth at all stations, 1920. 


Average per cent of Average per cent of Per cent of establish- 
germination. establishment. ment in denuded quadrats. 
Nebraska City. ......:. OBrien owaprairies ance eee 75, | Nebraska: City.. sla... 2 100 
High prairie, Lincoln.... 86 || Nebraska City......... TOa|\ Vows prairie. eee eee 91 
Philips burger ere ane SOmmrighepraiioler: creer 42. High prairie ..a.- ese ate 80 
Low prairie, Lincoln.... 77 || Phillipsburg............ 33 |ePhillipsburgscs ere eae 67 
Gravel-knoll, Lincoln.... 71 || Burlington............. 25 1eBurlingtoneen sen 43 
IBUTMN gon ace crete exe 3S leGravel=knolley. s.r sce er 15: | Gravel-knoll.. 2.225510 0 


In accounting for the above results, it remains only to compare the habitats 
at Nebraska City, low prairie, and gravel-knoll a little more fully. Those of 
the high prairie (Lincoln), Phillipsburg, and Burlington have already been 
shown to decrease in all conditions favorable for plant growth in the order 
mentioned. 

PuysicaL Factors. 


A comparison of the holard at the gravel-knoll and Burlington stations shows 
that it is not greatly different, both very frequently falling to the hygroscopic 
coefficient (tables 12 and 6). In the first 6 inches especially it is often reduced 
by surface evaporation to even a lower point. The erosion of the soil about 
the seedlings was often pronounced on the gravel-knoll and in this respect 
growth conditions were less favorable than at Burlington. The cover of short- 
grasses on both areas indicates xerophytic conditions, the vegetation often 
drying and turning brown late in July or in August. The chresard was con- 
tinuously higher on low than on high prairie, a difference of 5 or 10 per cent 
in favor of the former not being unusual. The low prairie was also better 
supplied with water than the Nebraska City station, though the hygroscopic 
coefficient was at no time reached in either habitat, a margin of 3 to 10 per 
cent or more at all depths usually being present. The average daily evapora- 
tion was also slightly less in the low prairie, Nebraska City being intermediate 
between the low and high prairie stations at Lincoln (fig. 19). 


June July 
3 4 1 2 3 


August 
2 3 


Fie. 19.—Average daily evaporation, high prairie (solid line), 
and low prairie, Lincoln (short broken lines), and Ne- 
braska City (long broken lines), 1920. 


However, a comparison of the average weekly humidity at these three 
stations shows this to be much higher at Nebraska City (68 to 82 per cent) 
than on the low prairie (57 to 79 per cent), the high prairie being lowest of all 
(58 to 73 per cent). The average weekly humidity at the three stations was 
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73.8, 71.9, and 65.4 respectively from June 3 to August 26. This factor seems 
sufficient to account for Nebraska City exceeding the low-prairie station both 
in per cent of germination and of establishment in denuded quadrats. 

In summary, two sod transplants died from drought on the gravel-knoll. 
All showed repeated rolling and dying back of the leaves, including those 
watered from time to time, and the five which blossomed did so earlier than 
elsewhere. Drying at the base was often quite as pronounced as at Burlington. 
All of the transplants flourished on the low prairie and all but Spartina blos- 
somed. On the salt-flats the transplants suffered more or less severely during 
drought, as shown by the wilting and yellowing of leaves. None died, but all 
were considerably dwarfed. The flower-stalks were short on the species that 
blossomed and the inflorescence smaller than normal. The sods in the swamp 
suffered from deficient aeration especially and also from deficient light. Five 
high-prairie species and two from the low prairie died. All but Spartina and 
Panicum virgatum showed the effects of deficient aeration, the basal leaves of 
several plants dying and the flower-stalks rotting off near the base. Six of the 
13 produced seed, some on much abbreviated flower-stalks. Sods in the Poa 
zone of the swamp did somewhat better, only three high-prairie and one low- 
prairie species succumbing; two other high-prairie species failed to flower. 
Nearly all showed the effects of deficient aeration and shade, but to a less 
degree than those in the swamp. The transplants at Colorado Springs were 
made late in the season (June 9) and watered at intervals; all survived, but 
none made a good growth. 


EXPERIMENTS Durine 1918 anp 1919. 
SEASON oF 1918. 


Some preliminary experiments were conducted during 1918 and 1919, and 
an account of the results seems desirable for the sake of completeness. On 
April 6, seeds of the following species were sown in 4-inch pots in rich loam 
soil in the greenhouse: Agropyrum glaucum, Andropogon furcatus, A. nutans, 
A. scoparius, Aristida oligantha, Boutelowa hirsuta, and Sporobolus asper. 
When the roots had reached a depth of 3 to 5 inches and the plants were well 
established, the latter were transferred to trenches 8 inches wide and 6 inches 
deep. This was done on April 26 in both gravel-knoll and high prairie, 4 to 
14 pots of each species being transplanted at each station. They were watered 
from time to time until June 1, when they were finally weeded and given no 
further attention until late in September. On October 25 to 27 the plants 
were counted, the roots excavated, and measurements taken. The summer 
was exceedingly dry and only one plant, Sporobolus, survived on the gravel- 
knoll. In the high prairie all of the Arzstidas died, all but one of Agropyrum, 
and over half of Boutelowa and Sporobolus, while only the three species of 
Andropogon came through with small mortality. 

Bouteloua hirsuta had reached an average height of 6.5 inches and most of 
the plants had seeded. The bulk of the root system (plate 8B) was in the 
first 8 inches of soil, although some roots penetrated considerably deeper. 
Andropogon furcatus attained a height of 5 or 6 inches and the coarse roots 
were traced well below the 18-inch level; A. scoparius was 8 to 10 inches tall; 
the central plant in plate 94 shows the major portion of the root system, the 
roots being much finer and more abundant than in the preceding species. 
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A. nutans grew to a height of 7 or 8 inches (plate 9a). The largest of the three 
survivors of Sporobolus asper reached a height of 10 inches, the plants were 
in seed, and the roots penetrated more than 15 inches, the lateral spread 
reaching distances of 8 to 10.5 inches. The difficulty of extracting the entire 
root system in grassland has already been mentioned. Because of competition 
the shoot growth was less than in cultivated soil, and it seems probable that 
the root system was also shortened. These root systems, which were only 
partially recovered, afford a striking contrast to those of similar species of a 
single year’s growth in cultivated soil (p. 35 and 36). 


SEASON oF 1919. 


During 1919, Andropogon furcatus was sown in quadrats on May 10 and 
again on June 15 in high prairie, low prairie, gravel-knoll, and in the lower 
cultivated plats. Those on the high prairie which were watered on May 28 at 
the same time as the others, did very well, and little difference was noted be- 
tween the two plantings. In June 1920, both quadrats contained plants 6 to 8 
inches tall, which reached 7 to 10 inches by fall, but no flower-stalks appeared. 
A good sod, almost merging into the native prairie, was developed during 1921, 
but no species flowered. By June 1922, some invasion had occurred, and 
later in the season, as well as in 1923, flower-stalks were produced, although 
rather sparsely. Those on the low prairie made a better growth the first 
season, but, because of the plowing of the area, were transplanted to salt-flat 
and the new low-prairie station the following spring. Both lots continued to 
thrive (pp. 44 and 45). Plantings of this same species on the gravel-knoll 
died the first season or the following winter. Those made in the lower 
cultivated plats did best of all. The roots of the plants were excavated on 
August 26, when they had a working depth of 2 feet and a maximum depth of 
over 3 feet (plate 9B). A few stalks flowered and set seed. The vegetative 
growth by August of the second season was 2 feet high. Flower-stalks, some 
of which were 44 inches tall, occurred in abundance and good seed was 
developed. 

When about 3 weeks old, duplicate seedlings of Aristida purpurea, Stipa 
viridula, and Elymus canadensis were transplanted in the usual way on 
May 5, into high and low prairie, gravel-knoll, and upland and lowland 
cultivated areas. Boutelowa racemosa was also included in the last two sta- 
tions. All of those on the gravel-knoll died before the end of August, after 
repeated wilting and drying throughout the summer. Those on the low 
prairie grew well until fall, but were plowed up the following spring. On the 
high prairie all lived through the first season, but did not survive the winter. 

Aristida and Stipa both died on the cultivated upland, while Bouteloua and 
Elymus made an excellent growth and were in full bloom August 1. By August 
15, Bouteloua had reached a height of 23 inches (plate 48). Clumps of Elymus 
1.5 to 2 inches in diameter at the base were common, and as many as 66 stalks 
were counted in a single clump. The dense root system (plate 4a) reached a 
depth of 2 feet and a maximum lateral spread of 22 inches. 

All the plants grew very well in the lower cultivated plots, except Aristida, 
which did rather poorly. Bouteloua came into full bloom late in August, after 
making an excellent vegetative growth, and it matured seed abundantly. 
Elymus also blossomed, and by August 9 of the second season had flower- 
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stalks 58 inches tall with very large spikes. Stipa viridula made an excellent 
growth, but did not seed until the next year. By August 9, 1920, the seed was 
ripening on flower-stalks over 5 feet tall and in spikes 14 inches in length. 
The root system at this time had reached a depth of over 5 feet and had a 
lateral spread of 18 to 20 inches near the surface. Roots were very abundant 
to 2 feet. In fact, the fine growth and great size attained by native species 
under favorable conditions emphasize the controlling effects of competition in 
the native grassland. 


Sop TRANSPLANTS. 
GRAVEL-KNOLL. 


The following sods were transplanted to the gravel-knoll during the spring 
of 1919: Agropyrum glaucum, Andropogon furcatus, Bulbilis dactyloides, 
Elymus canadensis, Koeleria cristata, and Panicum virgatum. They were 
watered a few times until established. Agropyrum, Bulbilis, Elymus, and 
Koeleria all blossomed somewhat earlier than elsewhere, the flower-stalks 
being somewhat dwarfed. During July all dried out badly, A. furcatus and 
Koeleria dying by the end of the season. Four sandhill dominants, Andropogon 
halli, Calamovilfa longifolia, Muhlenbergia pungens, and Sporobolus cryptan- 
drus, were secured from the extra-regional sandhills near Central City, 
Nebraska, and transplanted into the high prairie on June 9. Great difficulty © 
was encountered in holding the sand in place about the root systems. The 
new shoot growth was clipped back as usual to lessen transpiration, but in 
spite of repeated watering, none survived. 


Taste 19.—Holard in excess of hygroscopic coefficient on the gravel-knoll, 1919. 
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An examination of the rainfall records shows that while May and June had 
ample rainfall, July was extremely dry. The total rainfall was only 0.38 inch 
(normal 3.83 inches), 0.30 inch of which fell on the last day of the month. 
The rainfall for August was also an inch below normal. The low holard of the 
gravelly soil in which the plants were growing is shown in table 19. On July 14 
the native grama grasses (Bouteloua gracilis and B. hirsuta) began to dry 
badly and two weeks later all were brown and cured on the ground. 

During 1920, which was a more favorable season, Agropyrum produced a 
thin crop of flower-stalks 34 inches high, while Bulbilis flowered profusely and 
put forth numerous stolons 8 to 12 inches long, some of which rooted in the 
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grama sod. Only 2 stalks of Elymus about a foot tall were left; Panicum 
did poorly, reaching a height of but 12 to 14 inches. Undoubtedly by this 
time most of these species were rooted rather deeply in the clay subsoil at 
about 4 feet depth. In 1921, Agropyrum again blossomed, but not profusely, 
while Bulbilis seemed quite at home, blooming luxuriantly and extending its 
territory nearly a foot into bare areas. One of the two stems of Elymus put 
forth a flower-stalk at 18 inches height; Panicum remained dwarfed (13 inches) 
and did not blossom. During 1922 all made an excellent growth, except 
Elymus, which was winterkilled. As usual, Agropyrum blossomed early; 
Bulbilis had spread until it occupied nearly twice its original area, and 
Panicum flowered at 18 to 24 inches. All dried earlier in the late summer 
than elsewhere, owing to the severe drought in August. The next year was 
an excellent one for growth, and Agropyrum spread over 30 inches into the 
adjacent grassland, flowering profusely at 2.5 to 3 feet. Bulbilis spread 
even more widely than before, but the stolons rooted with difficulty in the 
heavy growth of grasses; it also flowered profusely. Panicum likewise 
increased its area slightly, but blossomed at a height of only 27 inches. 


Low snp HicH Pratrie. 


The same species, except for Panicum and Andropogon furcatus, but in- 
cluding A. scoparius and Stipa spartea, were transplanted to the low prairie 
during April and early May 1919. All flourished and bloomed profusely 
except Stipa. No further data were obtained, since this part of the prairie 
was broken the following spring. A similar lot of sods, with the addition of 
Bouteloua gracilis from the gravel-knoll and Panicum, Poa, Andropogon 
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Fia. 20.—Average daily evaporation on high prairie (upper line) and low 
prairie (lower line), 1920. 


furcatus, and Spartina from the low prairie, were transplanted to high 
prairie. Because of the severe drought during July, the transplants wilted 
somewhat and both the production and size of flower-stalks and inflorescence 
were reduced. The chresard on both high and low prairie is given in table 20. 

The high evaporation rate (daily average 30 to 50 ¢. c.) on the high prairie 
during the drought period, and the relatively lower one on low prairie (15 to 
28 c. c.), together with the evaporation throughout the season, are compared 
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in figure 20. Greater wind movement at the upper station was an important 
factor in causing the difference in evaporation, although humidity played a 
large share also. From July 7 to August 18 the average daily evaporation 
was 64 per cent greater at the upland station. 


TABLE 20.—Holard in excess of hygroscopic coefficient on high and low prairie at Lincoln, 1919. 
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Fic. 21.—Average day and night temperature at Lincoln (solid lines), and Colorado 
Springs (broken lines), during 1919. 


Thermograph records of soil temperature at the two stations at a depth of 6 
inches show no marked differences. The daily range at the lowland station 
was usually 4° to 7° F.; in the drier soil of the upland station 4° to 12° F. 
The minimum soil temperatures were 2° or 3° F’. lower at the former station and 
the maximum 3° to 9° F. higher on the upland. The soil temperatures varied 
from 53° F. (average 60° to 65° F.) late in May, to 85° F. (average 70° to 78° F.) 
in August. Except in early spring, when the low temperatures on the lower 


54 EXPERIMENTS DURING 1920. 


wetter soil may retard growth, and the higher temperatures at all depths on the 
upland may facilitate absorption, it is not probable that the effects of tempera- 
ture on the development of vegetation at the two stations are very different. 
A comparison of the two sets of thermograph records shows that differences of 
air-temperature greater than 5° F. are rare at the two stations. It seems cer- 
tain that such small differences in temperature variations in the range of 
growth conditions (minimum 65° F. late in May, maximum 105° F. in July and 
August) would be almost negligible in the development of natural grassland. 
The average day and night temperatures throughout the season, together with 
those at the Colorado Springs station, are compared in figure 21 and the 
average daily evaporation rates at the same station in figure 22. Notwith- 
standing the adverse conditions, all the transplants, including Spartina, 
bloomed more or less profusely, with the exception of Andropogon furcatus, 
Koelerza, and Stipa. 
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Fic. 22.—Average daily evaporation at Colorado Springs (upper line), 
and Lincoln (lower line), during 1919. 


During 1920, all of the transplants did quite well, except two of the Sézpas 
which were not well developed. Bulbzlis made an excellent growth, blossoming 
profusely by the middle of June (plate 10a), and both Panicum and Spartina 
flowered abundantly at heights of 30 to 44 inches. In fact, Andropogon 
scoparius and A. furcatus were the only species that did not blossom, but they 
made a vegetative growth of 8 to 12 inches. By the following season, Andro- 
pogon furcatus had almost merged into the common sod. Koeleria was 
nearly all dead; two of the St¢pas were behaving normally, while the other 
two did not blossom and were in very poor condition. Elymus was repre- 
sented by only one or two stalks, but all of the other species were developing 
quite normally. 

On August 23, when Panicum virgatum was blooming profusely with flower- 
stalks 3 to 4 feet tall, a trench was dug to a depth of 11 feet and the roots of 
this 3-year-old transplant examined. Below 3 feet the silt-loam soil became 
more sandy and below 6 feet it changed to a sandy gravel with many small 
rocks. It was quite moist at all depths. The roots penetrated to a maximum 
depth of 9.8 feet, and were fairly abundant to 7 feet. The general root habit 
and branching were about normal (Weaver, 1920), but the degree and extent 
of branching were considerably more pronounced than in the low prairie. 
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However, it did not approximate the remarkable network of branches dis- 
played by this species in the drier soils at Burlington (fig. 32). 

Spartina cynosuroides was also excavated from the same trench at this time. 
It had made a good growth, notwithstanding the rolling of leaves from time to 
time as a result of drought. Many leaves reached a height of 40 inches. It 
had increased its area about one-third by rhizome propagation, but the root- 
stocks had not developed many new shoots. Roots were abundant to 9 or 10 
feet and were densely branched throughout, perhaps having a third more 
branches than those in the lowland, and branches were longer and rebranched 
to a greater degree than those growing in wetter soil. Koeleria and Poa died 
during the winter of 1921-22. The following summer all the rest, except 
Andropogon scoparius, made a good growth, and flowered rather profusely, 
except the very late bloomers, which were somewhat retarded by the late 
summer drought. Panicum extended its territory nearly 3 feet, but few of the 
others gained in area. During 1923 all did very well, owing to good growth 
conditions, Andropogon furcatus merging completely with the native sod. All 
flowered and set seed, the height of the inflorescence being about normal. 


Mrxep Prairin. 


On June 19, 1919, the following sods from Lincoln were transplanted to 
the mixed-prairie station at Colorado Springs: Agropyrum glaucum, Andro- 
pogon furcatus, Bulbilis dactyloides, Elymus canadensis (2 sods), Koeleria cris- 
tata (3 sods), Panicum virgatum, Poa pratensis, and Stipa spartea (3 sods). 
Before planting, the hollow made for each sod was filled with water that was 
allowed to sink away before the sod was planted, tamped in place, and again 
watered. Owing to watering at 2-week intervals, all did fairly well the first 
season. In June 1920, cattle broke in and closely grazed the entire fenced 
area. However, most of the sods lived throughout the season, but made 
a poor growth, Bulbilis and Agropyrum alone coming into blossom. One 
Elymus and one Koeleria died late in the summer. During 1921, perhaps 
as a result of repeated grazing, the remaining Elymus and the two remain- 
ing koelerias died, as did also one of the stipas; Bulbzlis alone came into blos- 
som. The area was grazed again in 1922. This repeated grazing, combined 
with drought, resulted in a very poor growth, Poa succumbing and Bulbilis 
alone blossoming. Because of further grazing in 1923, it was clearly evident 
that most of the plants (except Bulbilis) were rapidly losing ground, Agropyrum, 
Panicum, and Andropogon furcatus being represented by remnants only. 


3. EXPERIMENTS DURING 1921. 
PHYSICAL FACTORS. 


RAINFALL. 


The season of 1921 at Lincoln was quite favorable as to precipitation. 
Rainfall for April, June, and July was slightly above normal, while August 
was slightly below normal, as was May also (fig. 9). An examination of the 
records shows that the showers were exceptionally well distributed, no marked 
drought periods occurring, and at no time did the vegetation become dry or 
brown, even on the gravel-knoll. 

At Phillipsburg an excess of 0.14, 0.98, and 1.30 inches fell during April, 
May, and June respectively. The July precipitation was slightly above 
normal and that of August and September slightly below (fig. 15). A drought 
period occurred between June 9 and 28, during which time no efficient mois- 
ture fell. At Burlington the precipitation for April was nearly twice normal 
(and 0.86 inch more than at Lincoln). May fell 0.91 inch below normal; 
June was somewhat above (0.58 inch) ; July had less than half the usual amount 
(only 1.15 inches); August had an excess of 1.19 inches, but September a 
deficit of more than one-half the normal (fig. 16). No efficient rainfall oc- 
curred (i. e., showers of over 0.15 inch) between March 7 and April 15, April 
17 and May 19, June 22 and July 4, and July 8 and August 7. By July 24 


May June July August 
4 2 1 3 4 2 


Fic. 23.—Average daily evaporation at Burlington (short broken lines), Phil- 
lipsburg (long broken lines), and Lincoln (solid line), 1921. 


the short-grasses were about half-dried and brown, while two weeks later 
not only the grama and buffalo grasses were curled and brown, but the wheat- 
grass heads were dry as well. 


WATER RELATIONS. 


The above conditions were reflected in the holard at the several stations 
(table 22). At Lincoln, a margin of 5 per cent or more (usually 8 or 10) 
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existed at all times and at all depths to 4 feet. At Phillipsburg the echard 
was approached once in July and twice in August, actually reaching the 
danger-mark to a depth of 4 feet late in that month. Conditions at Burling- 
ton were, as usual, much worse. At no time was water available in the third 


TaBLe 21.—Humidity at Lincoln and Burlington, 1921. 


Average day. Average night. Average daily. 

For week ending— ¢ 

Lincoln. |Burlington.}| Lincoln. |Burlington.| Lincoln. |Burlington. 
PAT eeet sca A's Scie: 53.9 64.7 59.3 
ENO Ae Sch anthers eats 53.7 Wen 81.0 nine 6773 sRoete 
VBR Vel Distie nan cctmenc.c 57.4 37.0 86.4 (GERD: 71.9 54.2 
IMR TIPE RS en Ss a8 57.6 Bier 13.0 Oe, 65.5 sere 
I (ee an ee eee oe 56.1 A Ss 73.9 5 65.0 
UVR A Vee Git ae See ie ontn 43.7 Pacers 64.2 = 53.9 enacs 
OMS Dect as speecsns Olee 39.4 79.4 78.7 67.9 59.0 
RHUNIRO GING) trees Fate. geth ca eon 63.2 aah; 84.4 ee 73.8 Reise 
AOw Ome eto ors ke: 61.4 50.4 81.7 87.0 WAZ 68.7 
UM ORD Oeicte eters o ciererter Oleg ae, 80.2 Sse 70.9 San 
TAS EEVOUS LO aha suey nce eae 60.4 30.0 81.7 iPasal 71.0 5150) 
RINILV AMAT hte Vee ctors lor vote 66.0 50.9 83.6 81.0 TIA 5.8 
SJE SR ae oer 58.2 tee 84.3 Aaa (A ee 
GL Vato dL trerets ay sokte «ates Ovant 42.5 80.4 75.5 69.0 59.0 
JY PAS eae 63.0 40.0 78.4 WSed Ona 59.1 
LUCE ES er ae 66.7 38.4 85.1 72.6 75.9 55.5 
ENG, TB ah eats eater 62.0 42.8 81.9 79.8 ibs 61.3 
ENIT OOM ees tane < iaciss. 5 65.3 49.3 83.4 83.6 74.3 66.4 
ENTICED atria otete ce Siete 58.0 rae 83.4 ee 70.7 
StS Sune baeereee create eee 62.0 86.4 74.2 


or fourth foot, while after June 30 it was depleted repeatedly above the hard- 
pan (at about 2 feet). A complete record of humidity was not obtained, but 
a comparison of the average daily humidity at Lincoln and Burlington at 
the several intervals (table 21) shows that without exception the air during the 
day at Burlington was 10 and often 30 per cent less humid than at Lincoln. 


June August 
3 3 4 l 2 3 


‘ra. 24.—Average daily temperature at Lincoln (solid line), Phillipsburg (long broken lines), and Bur- 
lington (short broken lines), 1921. 
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Owing to the lower night temperatures at Burlington (altitude 4,160 feet), 
the humidity at this less critical period averaged only slightly lower than at 
the true-prairie station. 
TABLE 22.—Holard in excess of the hygroscopic coefficient at the several 
stations, 1921. 
Lincotn, NEBRASKA. 


0 to 0.51 0.5t01) 1 to 2 2 to 3 3 to 4 


Date. foot. foot. feet. feet. feet. 
PA PsB Oe acter epee ee toy 20.2 17.9 Se: 13.3 1a as 
Mayol S einer saci 18.0 19.7 L62a 15.0 14.5 
Miayat2 Dicer scrote tee 6.2 13.2 
JUNC el ete tote aes 7.9 10.3 ASSIS! eon 
WUNGIe ecuee aerate errs 23.0 18.6 14.9 14.5 IG, oe 
JUNCEZ2 Arcee 8.8 14.1 15.1 
JUNE 22981. A caret ff lb) 8.8 ‘eam 15.2 
U1 Va eae ae 13.4 20.1 10.4 eae 
Abie OAV rah pele en 21.0 18.5 12a 13. 1 16.8 
AD bho OAc laen irs chore trang 7.5 iS she 
(AUG eS eee eee eis oe 10.2 110 1133 Aale 
PND 2 9rd MO ve arene, Gis 16.4 17.9 12.0 1a 26.8 
Agee So ordee ete teas 10.8 12.9 8.5 11.4 8.8 
PALI 3 bee os spieucte tas ote 8.5 7.0 5.1 Sis 
Bygrowcoel... 4c 9.5 8.7 8.6 Feod 6.2 

PHILLIPSBURG, KANSAS. 
: 

INDE eo Sapaeie seer ae 15.8 14.5 11.4 5.9 2.3 
May AGitecss tasers: 16.8 13.0 9.8 6.4 ORs 
INaiyit 2 eceacs een ares ates 12.2 10.9 Sapilects seeustes man 
fonts WS 6 ous odes 19.8 15.8 13.9 14.5 13.0 
MAINO? 2 eee oer enerencnene: 5.3 8.6 10.8 Dire 9.3 
ULV ed ON ara neceye ete ees 1.6 Pe Baers eae 
AUIS A be cols Ch ocaen-the Ge 8.2 3.3 3.9 4.6 yee 
DULL yaeetenrte as suetaieney optics bf} 2.0 0.9 Qa: 4.9 
AU Gemee Aah te atone eee 3.5 4.4 See: ie Be bre 
ANI OS FeO Pareriattnctsst eh ees 0.1 0.8 0.6 Papa Pei 3 
PANTIE NST ccs. cieereye tena farees 20.9 7.5 1.5 ne} 

ATI CoO) oss cei ae cemensetters —1.6 —0.4 —0.6 0.0 0.3 
Ev gnOmcOelis aerecieetet: 10.6 10.6 10.9 10.6 10.7 
Buruineton, CoLorapo. 

BADER G SU lnath oe clererern oe 9.6 10.7 8.6 0.0 es 
Maye20car nce 6.4 5.6 4.7 —0.7 —2.2 
UNC SL Oa ke Mie ee 10.3 0.0 ORG —0.5 —0.6 
Asbbatema Oo apace come —2.6 —1.6 —1.5 —1.0 —1.3 
Tulyonk seca —1.0 —1.0 —3.6 ase sae 
PUL Vea eas ous Rane —3.5 —2.2 —3.4 —1.8 —0.4 
UNE Re yer earners aS 2.0 —0.7 —2.1 —0.3 —1.0 
NUS Lercuenas ice cer 16.9 Tale? —2.4 —2.0 nee 
AE 29 yi Mensur eee —0.3 0.5 —2.1 —0.4 —1.0 
Heveror COC quinine 10.9 10.9 122 12.0 11.4 


The average daily evaporation at the several stations is shown in figure 28. 
The rather uniform rate at Lincoln (daily average 8 to 27 c. c.), as compared 
with the erratic and excessively high one at Burlington (18 to 62 c. c.), empha- 
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sizes the precarious conditions for plant growth at the latter station. Con- 
ditions at Phillipsburg were intermediate (8 to 43 c. c.). 


TEMPERATURE. 


The average daily air-temperature was in general lowest at Burlington, 
while that at Phillipsburg after the third week in June was somewhat higher 
than at Lincoln (fig. 24). During May and June, day temperatures were 
highest at Lincoln and lowest at Burlington, but after July 1 this was 
usually en Night temperatures throughout the season were distinctly 
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‘Ia. 25.—Average ie (heavy lines) and night Pe Mice (light lines), at Lincoln (solid lines), 
Phillipsburg (long broken lines), and Burlington (short broken lines), 1921. 


lower at Burlington by 5° to 10° F., those at the other stations being very 
similar. The soil-temperature at a depth of 3 inches was invariably lower 
at Burlington than at Phillipsburg. Later in the season soil-temperature was 
correlated with the holard, the soils becoming progressively drier and warmer. 
A series of readings in cropped areas (oat field) to a depth of 4 feet is 
instructive in this connection (table 23). 


TaBLE 23.—Soil temperatures, 1921. 


April 28-30. May 19-21. June 9-10. Fe June 22. {June 30. 
Corwen ines eee Tran | ME | aaa So oE tee. 1a ll ine LP | ae a eee 
in . i ; : - Ay 
feet. Lin- Phil- Bur- Lin- Phil- Bur- Lin- Phil- Bur- Lin- Phil- Bur 
1 lips- } ling - ae lips- | ling- nol lips- | ling- ae lips- | ling- 
<n burg.| ton. com burg.| ton. ‘| burg.| ton. ‘| burg.| ton. 


Crm tec Crm me Cala Cea| ee Cre mcOnnl meCselipeGan || COrumeoOca eC. TG 


0 to 0.5...| 15.4} 24.0] 12.0] 21.0] 20.0 | 22.2 | 22.5] 21.4) 19.8) 21.2 | 23.2} 29.2 
0.5 to 1...| 13.0} 23.1) 11.0) 19.0) 17.8 | 15.0 | 21.8 | 20.2) 18.8) 21.1) 22.4) 26.1 
ARCO! Devan: 12.0] 15.0] 10.5] 13.4 | 16.4] 14.0} 20.2] 18.8] 16.8] 20.1] 21.5) 23.9 
BOC A aaee 12.0 | 14.0] 10.5] 13.1] 15.0] 12.4 | 18.6) 17.2 | 15.8] 18.8} 21.2) 21.8 
Bitola...» 10.8 | 12.0] 10.0] 12.0] 13.5] 11.8] 17.8 | 16.0 | 15.0] 17.4 | 20.5} 20.0 


60 EXPERIMENTS DURING 1921. 


Isolated readings at similar depths showed the temperature of the grassland 
soil (below the first foot) to be very similar to that in the cultivated areas. 
To summarize; as during 1920, conditions for plant growth were much more 
favorable at Lincoln and least favorable at Burlington, while those at Phil- 
lipsburg were intermediate, holard and humidity being the controlling factors. 


PLANTING RESULTS. 
SURFACE SOWING. 


Seeds of 14 species were sown on the surface of the high prairie at Lincoln 
on April 20. Aristida purpurea, Elymus canadensis, and Lespedeza capitata 
failed to germinate. Bouteloua gracilis, Koeleria cristata, Liatris punctata, 
and Sporobolus asper germinated rather abundantly, but died before the 
end of June, the seedlings being much attenuated. The light values were low; 
by May 5 they fallen to 16 to 27 per cent, as the prairie had not been mown 
the previous autumn. There was not only considerable dead grass, but the 
new growth was rank and flower-stalk production greater than usual. Before 
the end of July, Bouteloua hirsuta, Bromus inermis (which was badly eaten 
by grasshoppers), Liatris scariosa, and Pinus ponderosa were added to the 
mortality list. Robinia pseudacacia held out until August, as did also Stipa 
viridula. Andropogon nutans alone survived the season, making a fair growth 
6 to 9 inches high and becoming indistinguishable from the native sod. 

At Phillipsburg the surface plantings made on April 28 did very much 
better, 83 per cent living throughout the summer. After planting, showers 
were opportune at both stations, all 12 species germinating at Phillipsburg. 
Unquestionably the light relation was much more favorable at the latter 
station. Reduced light and surface drought were the chief factors to which 
plants gaining a foothold in climax grassland were subjected. The same 
species as those used at Phillipsburg, with the addition of Sporobolus, were 
sown on the surface at Burlington, April 30. None had germinated by May 
20, and only 5 of the 13 germinated at all. These were Boutelowa racemosa, 
B. gracilis, Bromus inermis, and the two species of Liatris. All were found 
in greater or less abundance on June 10, but had disappeared by the 30th. 

The fate of surface-sown plants of the preceding year is of interest. At 
Lincoln and Phillipsburg none survived the first season. By May of the second 
year at Burlington, Bowleloua gracilis had merged into the native sod. Stipa 
viridula, the other survivor, made a good growth (8 to 10 inches) and tillered 
heavily, standing out quite plainly in the short-grass turf. Its leaves were 
tightly rolled and somewhat wilted from time to time, and it did not produce 
flower-stalks. During 1922 it grew vigorously, but was much smaller than 
similar plants in denuded quadrats. By the end of the season it was clear that 
competition with the native short-grasses was too severe, Stipa rapidly 
losing ground. However, it held out through the very favorable season of 
1923, being represented by only a few culms 6 to 8 inches high, while the leaves 
of grama were 6 inches tall all around it. It was clearly evident that it would 
soon lose in the unequal struggle. 


TRENCH SOWING. 


Although poor at all stations, the results from trench planting April 20 to 
30 were best at Lincoln. Of 12 species used, all but Pinus ponderosa germi- 
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nated; Elymus, Koeleria, Bromus, and Stipa viridula succumbed before 
the end of June, the last two being badly eaten back by grasshoppers. 
The slender plants of Lespedeza and Liatris punctata, the latter reaching a 
height of 5 or 6 inches, died in August. Andropogon nutans, B. hirsuta, and 
Sporobolus came through in excellent shape, tillering heavily and forming a 
rather dense sod from 2 to 6 inches tall. Boutelowa gracilis was represented by 
remnants only, and Liatris scariosa by a dozen one-leaved slender plants. 

In the trench at Phillipsburg, Bouteloua racemosa, B. gracilis, B. hirsuta, 
Koeleria, Lespedeza, Liatris scériosa and punctata, and Pinus failed to ger- 
minate, while Bromus and Elymus died in June and Stipa viridula in July. A 
single plant of Robinia pseudacacia with 5 leaves and a height of 4 inches lived 
through the summer but was winterkilled. The only species that became 
permanently established were Andropogon nulans and Aristida purpurea; 
the former was represented in late summer by 4 or 5 good clumps, 3 to10 inches 
tall. Of the same species sown in the trench at Burlington, Bromus and Elymus 
alone germinated, and very sparsely, but both died during the June drought. 

The development of the plants grown in the 1920 trench at Lincoln was 
above the average. During 1921, Andropogon nutans, A. scoparius, Bouteloua 
hirsuta, and B. racemosa all made excellent growth. The boutelouas reached 
heights of 3 to 8 inches, and the andropogons of 5 to 10 inches, the latter 
forming a fairly dense sod. Bouteloua gracilis was represented by a single 
remnant, which was winterkilled. During 1922 the four remaining species 
made a fair growth, the boutelouas alone flowering and producing a single 
flower-stalk each. These grew well in 1923, though Andropogon scoparius and 
Bouteloua racemosa were quite sparse. The height growth ranged from 4 to 14 
inches, but none had developed flower-stalks late in August. 

At Phillipsburg, Andropogon scoparius and A. nutans alone survived the 
first season. During 1921 they flourished, forming dense bunches and reaching 
heights of 14 and 24 inches respectively, but they were favored by some water 
running into the trench. A. nutans developed few flower-stalks. Both made 
an excellent growth in 1922, extending the area of the bunches, but Andro- 
pogon scoparius alone flowered. In 1923 they again grew rank, reaching 
heights of 2 feet, and both flowered abundantly. At Burlington there were 
no survivors of trench sowing. 


DENUDED QUADRATS. 


Twenty-eight species were planted in the quadrats at Lincoln (high prairie) 
on April 14. Eight failed to germinate. Elymus and Stipa viridula died 
in June, Agropyrum and Bromus inermis in July, and Acer negundo, A sac- 
charinum, and Calamovilfa in August; of these, Bromus and Stipa were badly 
damaged by grasshoppers; 13 species survived. Corylus americana and 
Symphoricarpus spp., all of which survived, were propagated at the several 
stations from rhizomes obtained from Weeping Water, Peru, and Lincoln, 
Nebraska rather than from seed. 

Among the 28 species planted in quadrats at Phillipsburg, 9 failed to 
germinate. Among these were Koeleria cristata, Liatris scariosa, Muhlenbergia 
pungens, and Onagra biennis, none of which germinated at Lincoln and all but 
Muhlenbergia failed in the quadrats at Burlington. Calamovilfa, Sporobolus 
asper, and S. cryptandrus died in June, Corylus and Pinus in July, while Stipa 
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viridula succumbed in August. Except for Calamovilfa, the losses here and at 
Lincoln were of different species. Thirteen species survived. 

Of 25 species planted on April 30 at Burlington, only 6 did not germinate. 
Ten species disappeared in June, another in July, and 4 others in August, 
Andropogon nutans, Calamovilfa longifolia, Gleditsia triacanthus, and Strpa 
viridula being the only ones to survive the season. A comparison of the 
growth of Gleditsia and Andropogon, the only species that lived at all three 
stations, is instructive. By the end of the summer the former was 4 to 


May June July August 
2 3 1 2 3 4 1 2 3 2 3 
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Fie. 26.—Average daily soil-temperature at depths of 3 and 18 inches respectively at Lincoln (solid 
line), Phillipsburg (long broken lines), and Burlington (short broken lines), 1921. 
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8 inches tall at Lincoln with 12 to 13 leaves 5 to 10 inches high, with the same 
number of leaves at Phillipsburg, and only 2 to 3 inches high with 4 to 6 
leaves at Burlington. Andropogon had formed a dense sod 4 or 5 inches high 
at Lincoln, one 12 to 18 inches high at Phillipsburg, while at Burlington the 
scattered growth was only 2 to 7 inches in height. 

Of the survivors in the 1920 quadrats at Lincoln, Stipa setegera and S. 
eminens were winterkilled (table 58). Andropogon nutans and A. scoparius 
flourished, forming good sods 10 to 18 inches tall, the former having flower- 
stalks at 2 feet. Séipa viridula and Aristida purpurea developed good bunches 
6 or 7 inches in height. Bouteloua gracilis and Elymus blossomed, the Boute- 
loua tufts being 4 to 6 inches tall and those of Elymus 12 to 15 inches. All 
made a good growth during 1922, but Andropogon scoparius and Bouteloua 
gracilis alone came into blossom, probably owing to the severe drought in late 
summer. None died during the very dry winter following (table 58). 

At Burlington, only 3 species, Andropogon nutans, Liatris punctata, and 
Stipa viridula, survived the 1920 season in the denuded quadrats. The 
vicissitudes of these plants are of interest (table 60) ; wilting and rolling of the 
leaves, dying back, and discoloration were of usual occurrence. However, 
they were well rooted and all survived the summer of 1921, notwithstanding 
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the ravages of grasshoppers and drought. In 1922, all but Stipa viridula 
blossomed. The flower-stalks of Andropogon nutans were 1 to 2.5 feet high 
late in August, while Liatris flowered profusely. Stipa exhibited many fine 
clumps 12 to 18 inches tall in 1923. As in the other quadrats, its area had been 
scarcely invaded, but it did not blossom. All the species prospered and 


Fic. 28.—Bouteloua hirsuta from Phillipsburg, on July 1 
of second year after planting. 


seemed permanently established, at least as long 
as competition with the short-grasses did not 
occur (table 60). 


Root DEVELOPMENT IN DENUDED QUADRATS. 


From July 1 to 3 several species from the 1920 
quadrats at Phillipsburg were excavated and the 
root development studied. Liatris punctata had 
5 leaves and a height of 5.5 inches. The portion 

ewe of the root which began 2 or 3 inches below the 
ecm ron false ae surface was 5 mm. in diameter for a distance 
second year after planting. of about an inch, beyond which it tapered 
rapidly and descended more or less vertically 
downward to a depth of nearly 4 feet (fig. 27). Nine branches came 
off from the tap in the first 8 inches of soil, none of which exceeded 17 
inches in length. Like the tap-root, they were fairly well supplied with 
short branches. 
Bouteloua hirsuta formed fine, well-tillered clumps 6 to 9 inches tall. The 
‘root system was characterized by its wide-spreading habit in the surface soil. 
The delicate, thread-like, exceedingly well-branched roots reached a distance 
of 16 to 18 inches on all sides of the plant, the longest ones often lying in the 
surface inch or two of mellow soil (fig. 28). The deeper roots, which ran 
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obliquely downward, extended to depths of 12 and a few to 24 inches. Many 
new thick, white roots only 2 to 4 inches long came off from the new tillers. 
Bouteloua gracilis had well-developed clumps 4 to 7 inches high. The fine 
fibrous root system was very similar to that of the preceding, especially in 
the number and extent of fine lateral branches. However, it differed in 
having a smaller lateral spread (about 12 inches) and greater depth of pene- 
tration. Many of the roots reached 2 and some nearly 3 feet in depth. 
Andropogon scoparius produced densely rooted plants 8 to 12 inches tall 
and so well tillered that they formed a continuous sod. The dense network 
of roots and branches reached a working level of 30 inches and a maximum 


Fie. 29.— Andropogon scoparius from Phillipsburg, on J uly 1 of second year after planting. 

Fie. 30.—Roots of Andropogon nutans after the block of sod had been transplanted for 2.5 months 
at Burlington. 

Fia. 31.—Roots of Elymus canadensis at end of June of second year after the block of sod had been 
transplanted and watered at Burlington. 


depth of 37 inches. Many new roots of the current season’s growth were only 
6 to 12 inches long. The last 3 to 8 inches of these, as well as those of many 
of the rapidly growing ones of 1920, were 1 to 1.5 mm. thick, glistening white, 
and destitute of branches (fig. 29). Stipa viridula was represented by bunches 
4 to 9 inches in height. The roots were abundant to a depth of 2 feet, some 
extending to the 4-foot level. They had a lateral spread of 12 to 14 inches 
on all sides of the plant. These data are sufficient to show the fairly deep 
root penetration of the species by midsummer of the second year in denuded 
quadrats. It also explains how they persist so tenaciously during periods of 
drought after they have had a year’s growth. 

The removal of the preceding species left Andropogon nutans alone in the 
1920 quadrats. It grew very well, reaching a height of 15 to 18 inches by fall 
and producing a few flower-stalks 40 inches tall. During 1922 it made ex- 
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cellent growth but did not blossom, while in 1923 it reached a height of 2 
feet and flowered abundantly. 


SEEDLING TRANSPLANTS. 


Seedlings of 13 species were transplanted into high prairie on May 11, 
when 3 or 4 weeks old (table 61). As at all stations, these seedlings were 
thoroughly watered when planted and during a period of 10 days thereafter 
whenever necessary. Notwithstanding this care, two weeks later two of the 
four lots of Andropogon nutans, Aristida purpurea, Boutelowa racemosa, and 
Koeleria cristata had died. Agropyrum glaucum, Elymus canadensis, Stipa 
comata, and S. viridula were eaten back by grasshoppers and many individuals 
had died. One lot of Bowteloua gracilis had also died, and Andropogon fur- 
catus, Stipa spartea, and Liatris punctata were the only ones which had not 
suffered a high mortality. The soil at this station is of such a type that it 
becomes quite compact following heavy rains or watering. This is detri- 
mental to seedlings, as well as germinating seeds, since the surface crust 
hinders aeration and offers more or less of a mechanical barrier to tender 
growing parts. When dry it cracks and in this way injures the plants by 
mechanical tearing of roots, rhizomes, etc., near the surface. At Phillips- 
burg and Burlington the soil is of such texture that it is mellow at all times. 
However, all species were represented until the middle of June, after which 
Stipa comata and S. viridula died, and Agropyrum, Aristida, Elymus, and 
Inatris also succumbed during July. The other 7 species came through the 
season in fair to excellent condition, although much reduced in number. 
Bouteloua hirsuta flowered. 

A similar lot of seedlings of the same age was transplanted at Phillipsburg 
on May 19. These were in groups varying from 2 to 6 per species (table 62). 
By June 9 all were flourishing and most of them continued to do so throughout 
the month. By July 25, Agropyrum, Elymus, and Stipa spartea had suffered 
heavy losses; Koeleria, Stipa comata, and S. viridula were nearly all dead, 
and by the end of the summer they had disappeared. Agropyrum, Andro- 
pogon furcatus, Bouteloua gracilis, Elymus, and Liatris scariosa were nearly 
all dead or dying, the last having been eaten to the ground. However, A. 
nutans, B. hirsuta, Liatris punctata, and Stipa spartea were in fair to excellent 
condition. 

Seedlings were transplanted at Burlington on May 20 (table 63). By June 
10, Koeleria had died, while Agropyrum, Liatris scariosa, and Stipa viridula 
had suffered a high mortality. However, the other species were in fairly 
good condition. By the end of the month, Liatris scariosa and Stipa viridula 
had succumbed and most of the other species had lost heavily. Many had 
their leaves rolled or were badly wilted. By the end of July, A. nutans, B. 
hirsuta, and B. gracilis alone were barely alive and these died during August. 


SUMMARY. 


The sequence of germination was the same as in preceding years (table 
24), i. e., Lincoln being highest (81 per cent), Phillipsburg second (68 per 
cent), and Burlington last (43 per cent). On the basis of establishment, 
however, Phillipsburg, unlike the preceding year, ranked first with 60 per 
cent, Lincoln second (40 per cent), and Burlington third (7 per cent) The 
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unusually favorable rainfall at Phillipsburg during spring and early summer 
has already been pointed out, as well as the relatively favorable light con- 
ditions for surface-sown plants (p. 60) . 

On the basis of survival of seedlings, Phillipsburg also ranked first, none 
surviving at Burlington. As to the surface-sown plants of 1920, none were 
left at either Lincoln or Phillipsburg for growth during 1921, but Stipa 


Tape 24.—Summary of planting experiments at the three stations, 1921. 


| 
P. ct. of species germinating. P. ct. of germination established. 
Method of ; 
planting. Philli Burli can a 
; ps- urling- See Phillips- Burling 
Lincoln. hore Lon. Lincoln. Bure: cea 
Surface sowing...... 79 100 38 9 83 0 
Perencher te sti. ose. 92 43 15 45 50 0 
Denuded quadrat.... 71 61 76 65 63 21 
AVOCA ZO! gece os 81 68 43 40 65 Ul. 
Seedlings py rreras cme ree | visit mer Way Pn Ree ean | gee ee 54 hs 0 


viridula survived at Burlington. Among the 5 survivors of the 1920 trench 
planting at Lincoln, none died during 1921; 1 was winterkilled in 1921-22, 
but the others were growing fairly well at the end of the summer of 1923. 
At Phillipsburg only 2 of the 6 species planted lived, but both of these grew 
well, flowered from time to time, and persisted to the end of 1923. None 
survived the 1920 summer at Burlington. Among the 8 survivors in the 
1920 quadrats at Lincoln, all lived throughout the next summer, but 2 were 
winterkilled. The 6 remaining species did well until the fall of 1923. At 
Phillipsburg all but 1 were excavated for root study. This plant made an 
excellent growth and flowered from time to time until the end of 1923. The 
3 species at Burlington lived not only through the 1921 season, but also during 
1922 and 1923, all but Stipa virtdula coming into blossom. 


Sop TRANSPLANTS. 


Between March 20 and 31, sods of 16 species were planted on high prairie 
(table 64). Dzstichlis was secured from the salt-flats, Bulbilis from overgrazed 
low prairie, Bouteloua gracilis and B. hirsuta from gravel-knoll, Andropogon 
furcatus, A. nutans, Panicum virgatum, and Poa pratensis from low prairie, 
and Spartina cynosuroides from the swamp. The rest were high-prairie 
species. All made a good growth during the summer, except Distichlis, which 
was nearly all dead by August 31, and all blossomed except the three Andro- 
pogons, Bouteloua hirsuta, B. gracilis, Koeleria, and Spartina. During 1922 
all not only survived, but Bulbilis, Panicum, and Spartina increased their 
area. However, by the end of August, Agropyrum, Distichlis, and Elymus 
were doing very poorly, owing in part to the severe drought. Twelve of the 
16 species blossomed (table 64). Koelerta died during the following winter. 
The rest survived the following summer, but by August Bouleloua gracilis, 
Agropyrum, Distichlis, and both lots of Elymus were in straits. Bulbilis, 
Stipa, and Panicum alone produced flower-stalks before the final check was 
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made in August. This lack of vigor was probably a result of the extremely 
dry late summer, fall, and winter preceding (p. 109). The 1920 sods 
made fair to good growth, except for one block of Andropogon furcatus 
and two of Disvchlis, which were nearly dead by the last of August. The 
following did not blossom: Agropyrum, A. furcatus, Bouteloua gracilis, B. 
racemosa, Distichlis, Spartina, and Stipa. During 1922 a severe drought 
occurred in late summer and both plantings of Distichlis and Elymus and one 
of Koelerta succumbed. Agroprywm, one Andropogon scoparius, and Poa 
pratensis were in very poor condition at the end of the summer, while Andro- 
pogon nutans, A. scoparius, Poa, and Stipa alone had seeded. The following 
winter one Sizpa died, but all of the others made a fair to good growth during 
this fourth summer. On August 25 only the following had blossomed or 
showed signs of developing flower-stalks: Poa, Bouteloua gracilis, B. racemosa, 
Koeleria, and Panicum. 

Sods of the same species as those used at Lincoln during 1921, except 
Bouteloua gracilis, Bulbilis, Distichlis, and Spartina, were secured from the 
various stations at Lincoln and transplanted into the short-grass sod at Bur- 
lington on April 15. As in 1920, they were placed in duplicate rows, one 
being thoroughly watered 5 times during the season (table 65). By May 
20 the effects of drought were apparent. The leaves on many species were 
rolled and the leaf-tips dead. Others had been frayed by whipping in the 
wind, a very common phenomenon in this region among both native and 
crop plants. Koeleria and Stipa were almost dead. The plants in the 
watered row were in better condition. 

On June 29, the root development was examined in two species, which had 
been growing for a period of 75 days. Andropogon nutans was in fairly good 
shape and had made a growth of 4 to 6 inches. The block of sod was found 
to be in close contact with the soil on all sides. The old roots had practically 
all died, though in a few instances laterals from them had continued growth. 
Many new white roots had originated from the rhizomes and ended at 6 to 12 
inches depth. They were evidently growing rapidly, since 3 to 6 inches of the 
tips were unbranched; nearer their origin they were thickly beset with short 
branches. Several longer roots penetrated from 18 to 32 inches, but none 
spread much laterally, and all were well branched (fig. 30). The soil was 
moister under the block of sod than elsewhere to a depth of 20 inches. Panicum 
virgatum was growing nicely and had reached a height of 10 inches. As 
before, the old roots were nearly all dead, but many new ones descended 
vertically and were fairly abundant to 24 to 30 inches. At the last depth they 
came in contact with the dry hard-pan. They were densely beset with 
laterals to near the tip. 

By June 29, Stipa had died in the unwatered row and Elymus and Koeleria 
were nearly dead. Even some of the species in the watered row were doing 
poorly, especially Poa and the-three andropogons. By late July Andropogon 
nutans and Poa had died in the watered row and several other species were in 
bad condition. In the unwatered row, Elymus and Poa had succumbed, while 
Andropogon furcatus, Bouteloua hirsuta, and Koeleria died soon after. Autumn 
found only 7 of the 11 species alive in the watered row, and these were repre- 
sented by mere remnants of the original fine blocks of sod. Of the survivors, 
Agropyrum, A. scoparius, Bouteloua hirsuta, Elymus, and Stipa were high- 
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prairie species, and A. furcatus was from the lowland. Agropyrum alone had 
blossomed. Of the 11 duplicate unwatered species (2 having been dug up) 
only Agropyrum, Bouteloua racemosa, and Andropogon scoparius remained, 
and Agropyrum alone had a single flower-stalk. 

During 1922, both Agropyrum and Boutelowa racemosa in the unwatered row 
survived, although both suffered severely from drought, and Andropogon 
scopartus was winterkilled. Agropyrum put forth flower-stalks mostly less 
than a foot high, and the spikes were very much dwarfed. In the lot that 
were formerly watered, Andropogon scoparius died in July. The other 6 
species made a fair to good growth, often showing the effects of drought in 
the rolled leaves or dead leaf-tips, as well as by the dwarfing of the whole 
plant. Boutelowa racemosa, B. hirsuta, Agropyrum, and Elymus alone blos- 
somed. Andropogon furcatus, Bouteloua hirsuta, and Boutelowa racemosa died 
before the next spring. The single survivor of the unwatered lot, Agropyrum, 
reached a height of only 11 inches the following summer, and did not blossom 
or extend its territory into the surrounding short-grasses. Agropyrum in the 
other lot grew only slightly better, Elymus was represented by only 2 shoots, 
and Stipa by a small c'ump, while Bouwteloua racemosa alone made a good 
growth and seeded. Although the season was unusually favorable for growth, 
the results indicate that one more year would probably have been sufficient to 
eliminate most if not all of the transplants. As to the growth of the 1920 
transplants at this station, it may be recalled that none died during the first 
season, even in the unwatered row, but all suffered from drought and were 
dwarfed. During 1921 none were watered. 


Root DEVELOPMENT. 


On June 28-29 the root development of several species was examined. 
Elymus, which had blossomed the preceding season, had made a fair growth 
in the unwatered row, reaching a height of 21 inches with flower-stalks appear- 
ing. The old roots had not renewed their growth, but laterals on them were 
functioning (fig. 31), and in one case a large lateral had replaced the cut main 
root. It was traced to a depth of 20 inches. Many new roots reached a 
depth of 18 inches, while a few penetrated to the hard-pan, about 30 inches 
deep. All were quite profusely branched to near the tips, and the lateral 
spread was about 12 inches. Some new roots, evidently of the current year’s 
growth, extended just through the old block of sod. 

Andropogon furcatus was excavated in the unwatered row. The original 
sod, which was in complete contact with the soil, was a foot square and 8 
inches deep. The new growth of leaves was about 8 inches high. Most of 
the old roots had died, but new ones had grown out thickly from the rhizomes. 
Many of these penetrated to the hard-pan layer at 28 to 30 inches, but only 
slightly into it. All of the roots were well branched, but were very dry, like 
the soil in which they grew. The dry, mellow loess below the hard-pan layer 
(which was 8 to 12 inches thick) contained roots of the short-grasses and 
Psoralea. 'There was very little lateral spread of the roots beyond the area 
occupied by the original block of sod. 

Koeleria, Stipa spartea, and Panicum virgatum were excavated in the 
watered row, which had also received some run-off water because of its loca- 
tion near a furrow separating an adjoining plowed area. The clump of 
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Koeleria was 3.5 inches in diameter and had flower-stalks 12 inches tall, with 
rather normal spike development at a height of 6 to 15 inches. The roots, 
although very fine, were easily distinguished from those of the short-grasses 
by their yellowish color and slightly larger size. A great mass of profusely 
branched roots filled the soil to a depth of about 18 inches, a few penetrating 
8 inches deeper. A lateral spread of 14 inches 
in the surface inch of soil was determined, the 
occupation of a considerable area on all sides 
of the plant being characteristic of the species. 

Stipa spartea had made a growth of 2 feet, 
with 5 flower-stalks, some of which were 34 
inches tall, and formed a representative clump. 
The roots reached a maxirmum depth of 34 
inches in the fairly moist soil, many ending at 
or above 2 feet. The lateral spread was about 
normal (10 inches), but the roots as a whole 
were more profusely branched than is usual in 
its native region. Panicum virgatum, which 
flowered the preceding season, had made a good 
growth, reaching a height of 18 inches. The 
root development was remarkable. The coarse 
roots, 2 to 4 mm. in diameter, pursued a nearly 
vertically downward course to a maximum 
depth of 7.3 feet, spreading only a little near 
the surface. The profound branching to the 
extreme depth of penetration is shown in figure 
32. Branches at the rate of 25 per inch were 
not uncommon, and many of the roots were 
branched to their tips. In fact, the profuse 
branching, which undoubtedly was a response 
to the dry soil, can scarcely be overemphasized. 
It stood out in marked contrast to the rather 
poorly developed lateral roots found on plants 
growing in lowland soil near Lincoln (Weaver, 
1919:4). 

Notwithstanding the root growth of these 
transplants, the severe drought conditions 
caused the death of several species. One sod 
of the watered Koeleria and one in the un- 
watered row succumbed. In the unwatered py. 39-Roots of Panicum vir- 
row, 1 Andropogon scoparius was winter-killed, gatum at end of June of second 
2 individuals of Elymus, and all 3 of Poa aoe eae ater not eats 
died. Agropyrum was the only species that ne Burlideton: 
increased its territory perceptibly. It invaded 
the short-grass sod on all sides for a distance of about 18 inches, the 
new shoots from the rhizomes reaching a height of 8 to 13 inches. How- 
ever, none of these or those of the original block bore flower-stalks. 
Bouteloua racemosa, Elymus, Stipa, and Panicum (in the watered row only) 
bore a few flower-stalks and seeded, as did also Poa and Koeleria, the 
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last in the unwatered row also. All suffered severely from spring and summer 
drought, and in general growth was poor. Most of the species, including such 
late bloomers as A. scoparius, A. furcatus, and Panicum, took on their late 
autumn reddish color, dried out, and went into winter condition by August 1. 
As a whole, those that had not been watered the preceding season, and hence 
were less well established, suffered most. During 1922 none of the plants 
died in the lot which had been watered, but Koeleria of the unwatered 
lot succumbed in July. Of the former, Agropyrum had extended its area 3 
or more feet on all sides, even into the densest sod. Although it flowered 
profusely in its original area at a height of about 2 feet, only a few dwarfed 
flower-stalks appeared in the invaded area. This was the only species which 
extended its area, though, on the other hand, the short-grasses were unable to 
invade markedly. Because of the severe drought of July and August, the 
grasses at this time mostly took on their late autumn or winter color and 
habit. Aside from Agropyrum, Stipa, Elymus, Koeleria, and Boutelowa race- 
mosa blossomed ; the last, unlike the others, had flower-stalks and inflorescences 
of about normal size. In the row that was not watered the preceding year, 
conditions were much more severe. Agropyrum possessed only a few flower- 
stalks, while Panicum put forth a few small panicles at 8 inches height. 
Elymus and Koeleria also blossomed. 

The very dry fall and winter following took severe toll. Of the 15 lots of 
plants in the area formerly watered, 4 died, while among those less well 
established 8 succumbed, leaving Agropyrum as the sole survivor. Notwith- 
standing the excellent growing conditions of the following summer (1923), it 
had no flower-stalks, but had sent out a few rhizomes to distances of 2 to 3 
feet. The rest of the plants received extra water from a furrow which was 
only 2 feet distant and separated the unbroken and broken land. Hence, 
their growth was very good. Agropyrum had spread nearly 4 feet, but 
no flower-stalks occurred in this sodded area. Elymus had also extended 
its area over a foot, but another block of the same species died. Panicum, 
Boutelouwa racemosa, and Stipa blossomed. Among the forms introduced with 
the sods, Hrigeron ramosus blossomed the second year (1921), as did also 
Sporobolus asper, though both died later. Brauneria pallida in one instance 
made a good vegetative development only, while in another case it blossomed 
normally the second year after transplanting before succumbing. Aster 
multiflorus occurred in several blocks of sod and usually spread a foot or more 
by rhizomes; it blossomed profusely. In some cases it persisted 4 years 
near the furrow, but in others it soon succumbed. 


EXPERIMENTS AT OTHER STATIONS, 1921. 


PuysIcaAL Factors. 
RAINFALL AND Ho.arp. 


Studies on experimental vegetation were continued in the series of edaphic 
stations at Lincoln, at Nebraska City, and Colorado Springs during 1921. 
The general conditions of precipitation at Lincoln have already been given 
(p. 56). The season at Nebraska City was one of drought. The precipitation 
from February to July was decidedly below normal, that of April, May, and 
June being 0.86, 1.56, and 0.52 inches respectively below the mean. However, 
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July had an excess of 5.17 inches, but August was slightly below normal. 
No efficient rain fell between May 9 and 26 or from June 18 to July 2. The 
holard at the Nebraska City, low-prairie, and gravel-knoll stations is given 
in table 25. Notwithstanding the decreased rainfall, the soil at Nebraska 
City usually had a margin of 10 per cent above the hygroscopic coefficient. 
In fact, a more constant supply was maintained here than on the low prairie 
at Lincoln, where the chresard in the surface 6 inches was practically exhausted 
during the last half of June. An abundant supply was at all times available 
below the 6-inch level. Even on the gravel-knoll conditions were quite 
favorable as compared with the preceding year. However, the xerophytism 
of this habitat is shown by the small chresard, usually only 1 to 6 per cent, 
even at depths of 3 or 4 feet. 


EVAPORATION AND TEMPERATURE. 


The average daily evaporation at Nebraska City (fig. 33) was considerably 
lower (often 33 per cent) than on the high prairie. In general, evaporation 
on the gravel-knoll was greater than on high prairie. This was especially 
true during the earlier and later parts of the season. The average daily 
air-temperature at Nebraska City was usually higher than that at Lin- 
coln, and during the first 3 weeks of June it ranged from 2° to 11° F. higher. 
This was largely due to the much higher average night temperatures (often 
6° to 10° F.), since the day temperatures nearly always averaged lower than 
those at Lincoln. The temperature of the soil at 18 inches was constantly 
1° to 3° warmer. 


one vy pei 


eee 
SeeeeaeEsaaee 
RAHN 


Seaaes) 
Been eee 


Fia. Geeigase daily evaporation on high prairie (solid line), gravel-knoll, 
Lincoln (short broken lines), and at Nebraska City (long broken lines), 1921. 
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PLANTING RESULTS. 
-SuRFACE SOWING. 


During 1921, surface sowings were made on the low prairie at Lincoln and 
at Nebraska City. Of the 9 species planted at Lincoln on April 23, Aristida 
purpurea and Bouteloua gracilis did not germinate. Elymus canadensis had 
died by June 27, as the following did also during July and August: Lespedeza 
capitata, Liatris punctata, L. scariosa, Sporobolus asper, and Stipa viridula. 
Koeleria cristata was still alive in September, but was missing the following 
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May. Owing to the low light intensities, all of the seedlings were extremely 
attenuated as compared with those growing in the quadrats, and were unable 
to make any real growth. The ability of Koeleria to endure shading was noted 


TaBLE 25.—Holard in excess of the hygroscopic coefficient at Nebraska 
City, Lincoln low prairie, and gravel-knoll, 1921. 
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in many instances, this adaptation probably resulting from its smaller stature. 
Light values at the soil-surface in the several stations are summarized in 
table 26. 
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TABLE 26.—Light values at the several stations. 
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Cover. 


High prairie, Lincoln. 


May 28, 1922:1 


Andropogon scoparius....... 
Psoralea tenuiflora floribunda. 
Psoralea, Kuhnia glutinosa... 
iBrauneria pallida... 2s. «sac 
Astragalus crassicarpus...... 


July 25, 1921: 


IMiKOGIPTASBEB:. seis <c,ay. 0rd wns 
Average density. ...s.. +55 
Heiohtrcoverccemeere tie ters os oe 
Medium, 4 inches above 

SUMACOS actus wytowa as 


Swamp, Lincoln. 


May 28, 1922: 


Spartina cynosuroides....... 
Phalaris arundinacea........ 
Mixed grasses;-et@u. 2.5.0... 
Mixed grasses, average...... 


August 24, 1922: 


Spartina cynosuroides 
Densesti places s.cc.-2/- esses. - 
Medium density.......... 
INE OSG) O DEM tose cia ees nies 


Nebraska City. 


June 3, 1921:3 


StipavSparces< asiaas aes ee em 
Andropogon furcatus........ 
Andropogon scoparius....... 
Wala tris tSCADIOSA. os sss See 
Grasses, Amorpha canescens. . 
BOSH ATKANSANG . ., cviers 6+ coves 
Brauneria pallida........... 
A. seoparius, Koeleria cristata. 
A. scoparius, A. nutans...... 
UID AUSDALCCA sor an seat over ane 
Very open grass mixture..... 
Geanothus ovatus........... 
A. furcatus at side of quadrat. 


June 8, 1922: 


Very open grass mixture..... 
Euphorbia corollata, grasses. . 
Rosa arkansana.........0+- 5. 
Baptisia bracteata........... 
Vernonia fasciculata......... 
A. furcatus, Desmodium..... 
Stipa spartea, Andropogon... 
Koeleria cristata, Poa praten- 

Bisel ee re Gata elas ates 


Per cent. 


1855 

20 to 26 
6 

10 to 15 
2.5 to 3.5 


8.3 
5.0 
975 
15.0 


17.0 
20 to 23 


18 
hil} 
17.5 to 26.5 


22 to 26 
2 to 2.5 


Cover. 


Low prairie, Lincoln. 


May 28, 1922: 
Mixed grasses: 
Above 1921 growth....... 
AVeTARO sweat on eon ene 
Under old growth........ 
June 14, 1922:? 


_Side of 1922 trench: 


Spartina cynosuroides....... 
Verbena: stricta snr se seve <4 or: 
AgheTMmixed saqtaet ake oer 
Andropogon furcatus 
Grasses, Art. ludoviciana.... 
Lighter mixed cover........ 
South edge of 1922 quadrats... 
West edge of 1922 quadrats.... 
July 25, 1922: 
Mixed grasses: 
Average density.......... 
Wighters pets nyrastcase acess 
eran lanes © on a slated och 
4 inches above trench surface: 


Phillipsburg. 


June 10, 1922: 

Bouteloua gracilis and Bul- 
bilis dactyloides.......... 

Psoralea tenuiflora.......... 

Elymus canadensis......... 

Andropogon fureatus...... 

INA SCOPBLIUSir=s omens Ure eee oe 

Bouteloua, Gaura, Lygodes- 


Verbena:stricta.o:....55 so 
Grasses: 
Edge of 1922 trench...... 
Edge of 1921 quadrat..... 


Burlington. 


June 11, 1922: 
Bulbilis dactyloides*........ 
Bulbilis, B. gracilis, open‘... 
Bulbilis, very dense*........ 
Agropyrum glaucum®....... 
Stipacsparteas cc cee ences 
Short-grasses: 
Malvastrum coccineum’.. . 
Erysimum asperum/...... 
Edge of 1922 trench......... 
Edge of 1920 quadrat....... 
Edge of 1922 quadrat....... 


1 Burned over in late winter. 


2 This portion of the area burned over in late winter. 


3 Mowed the preceding September. 


Per cent. 


3.4 to 14 


5 to7 


30 to 33 


37.5 to 45 


4 Photometer sunken so as to be 


5 Transplanted sods. 


level with soil surface. 
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Of the 9 species sown on the surface at Nebraska City, Léatris scariosa 
and Pinus ponderosa failed to germinate, squirrels having eaten the seeds 
of the latter. A single plant of Elymus was found, but it died before June. 
By June 24, Liatris punctata and Bromus inermis were also dead, the latter 
having been eaten to the ground by grasshoppers. Sporobolus asper and 
Stipa viridula (also somewhat eaten) died in later summer. Boutelowa gracilis 
and B. hirsuta survived the season, reaching a height of 1 or 2 inches, tiller- 
ing somewhat, but persisting as very delicate seedlings. 

Of the 1920 surface sowing (p. 43), Koeleria alone survived the first sum- 
mer on the low prairie, but was then winterkilled. At Nebraska City, 4 
species, Andropogon scoparius, A. nutans, Bouteloua hirsuta, and Elymus cana- 
densis survived. During 1921 a single small weak survivor of B. hirsuta 
remained alive until July 15, when it succumbed. The other species had 
become indistinguishable from the general plant cover by midsummer. 


TRENCH SOWING. 


Plants in the trench at Nebraska City did even more poorly than those on 
the surface. Aristida purpurea, Bouteloua gracilis, B. hirsuta, Liatris scari- 
osa, Pinus ponderosa, and Stipa spartea did not germinate, squirrels having 
eaten the seeds of Pinus. By June 24, Elymus canadensis, Liatris punetata, 
and Sporobolus asper, all represented by a few plants only, had died. Calamo- 
vilfa longifolia, which had germinated abundantly, also succumbed in July. 
Boutelowa racemosa survived the first season, tillered rather freely, and reached 
a height of 4 to 7 inches; however, it was winterkilled. Andropogon nutans 
alone survived, and it was represented by a good stand that had reached a 
height of 10 to 15 inches by fall. 

Out of 11 species planted in a trench on the gravel-knoll April 20, Aristida, 
B. gracilis, Koeleria, Lespedeza, and Liatris scariosa failed to germinate. A 
few of each of the following species germinated, the two last dying almost at 
once and the rest during June: Elymus, Liatris punctata, Sporobolus, Stipa 
viridula. Pinus died in July and Andropogon nutans alone survived, being 
represented by a few plants 4 to 5 inches tall in September. These lived 
over the winter, but were doing poorly in May 1922, and all died in June. 
Six of the 8 species planted in the low-prairie trench germinated, but Bouteloua 
gracilis, Lespedeza capitata, and Liatris punctata died soon after. Elymus 
canadensis succumbed to dense shading in June, and Stipa viridula, which 
was represented by only 3 delicate plants, in July. Aristida purpurea, simi- 
larly undeveloped and few in number, consisted of a few remnants 4 to 6 
inches tall in late summer, but unfortunately these were dug up in trans- 
planting sods. 

Of the seedings in the trench on the gravel-knoll during 1920, Andropogon 
scoparius and A. nutans were the only survivors, and these were in a very 
poor condition. Both made a feeble growth and died late in June 1921. 
In the low-prairie trench, 4 species survived the first season (1920), but all 
showed the effects of shading. Of these, Stipa wiridula and Boutelowa hir- 
suta made a poor growth the next spring and died in July. Andropogon 
nutans and Elymus canadensis, although much attenuated, made a good 
growth, reaching heights of 12 to 15 inches. In 1922 a small clump of each 
reached a height of about 32 inches, but neither blossomed, owing to the 
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CULTIVATED AREAS. 
dense shade. However, the following summer both blossomed at a height 
of 2.5 feet. At Nebraska City all but 4 of the 1920 species planted in the 
trench survived, but Bouteloua gracilis died the following winter. Liatris 
punctata and Elymus were both quite abundant in May 1921, but succumbed 
during June and July. Andropogon nutans and A. scoparius came through 
the second season in a thriving condition, reaching a height of 5 to 9 inches. 
A sparse growth of Bouteloua hirsuta also survived the season, but the plants 
were quite delicate. During 1922, Boutelowa succumbed during August 
drought, after making a good growth earlier. The two Andropogons formed 
good sods 10 to 18 inches tall; both grew well in 1923, but neither blossomed. 


GRowTH IN CULTIVATED Sol. 


Native species made remarkable development when grown in narrow rows 
(trench method) in fertile cultivated soil, kept at a favorable holard at all 
times, and free from competing species (table 27). These were planted on 
April 22 and 23 on a level area of soil, the physical and chemical composition 
of which was almost identical with that of the cultivated lowland area already 
described (p. 41). Potatoes had been grown on the area the preceding year. 
A month before planting a good seed-bed was formed by plowing and repeated 


TasLE 27.—Growth of species in cultivated soil, 1921. 


Species. 


Agropyrum glaucum... 


Andropogon nutans... . 


Aristida purpurea..... 


Bouteloua gracilis..... 


Bromus inermis....... 
Calamovilfa longifolia. . 


Elymus canadensis... . 


Gleditsia triacanthus... 
Lespedeza capitata.... 
Liatris punctata....... 
Muhlenbergia pungens. 
Onagra biennis........ 
Robinia pseudacacia... 
Sporobolus asper...... 
Stipa spartea......... 


Stipa viridula......... 


Aug. 2. 


Excellent growth, 14 in. 
tall. 


Excellent, 24 to 32 in. 


Fine, 12 in. tall. 


Excellent, 1 ft., flower- 
stalks to 2 ft., abundant 
blooming. 


Good 10 to 15 in. 

Excellent 20 to 24 in. 

Fine, flower-stalks 2 to 2.5 
ft., heads 5 to 5.5 in. 
long. 

Good, 7 to 14 in. 

Good, 4 to 5 in. 


Good, none over 5 in. 
Excellent, 6 in. 


Rosettes abundant, 2 to 3 
in. tall, 6 to 7 lvs. 

2 to 3.5 ft., excellent. 

Excellent, 20 in. 

Good growtha-cw anaes ca 


20 to 22 in., fine.- 


Oct. 11. 


Excellent growth, 18 in., no flower- 
stalks. 

Lvs. 2 ft., flower-stalks 3 to 5 ft., 
seed ripe. 

Fine bunches 1 ft., flower-stalks 18 
to 20 in., abundant, seed ripe. 

Lvs. 16 to 18 in., flower-stalks 23 to 
33 in., seed ripe. 


Lvs. 9 in., dense growth, flower-stalks 
18 in. 

Fine development, 24 to 27 in.; 
flower-stalks 3 to 5 ft.; seed ripe. 
Fine 15 to 18 in., heads abundant at 

30 in. 


Good, 13 to 20 in., stems 7 to 10 mm. 
diameter. 

Good, 5 to 6 in. 

Good, 4 to 6 in., max. of 7 lvs. 

Flower-stalks 15 to 18 in. seeded; 
bunches 12 to 16 in. diameter, 8- 
in. lvs. 

Rosettes 5 to 8 in. diameter, 2 to 3 
in. tall. : 

5 to 5.5 ft. stems over 0.5 in. diam- 
eter. 

Bunches 3 to 3.5 in., flower-stalks 
abundant, 8 to 4 ft., seed ripe. 
Lvs. 15 to 22 in., very broad; no 

flower-stalks. 
Excellent; no flower-stalks. 


76 EXPERIMENTS DURING 1921. 


harrowing (Weaver, Jean, and Crist, 1920, p. 80). The growth made during 
the first season by Andropogon nutans and Calamovilfa longifolia is shown in 
plate 10B and 11a, and that of Bouteloua gracilis in plate 11s. 


Root DEVELOPMENT AT LINCOLN. 


Pinus ponderosa reached a height of 1.5 inches when 45 days old (June 6). 
The first whorl of leaves was as long as the cotyledons, while the strong, 
vertically descending tap-root had penetrated to a depth of 13 inches. The 
root was 1 mm. in diameter, brown in color, and had no laterals over 4 cm. 
long. These were usually about 2 em. in length, white near the end, and 
entirely unbranched (fig. 34). Liatris punctata of similar age had a single 
leaf, 2 to 4 inches high, in addition to the cotyledons. The glistening white 
tap-roots, which had already stored some food in their enlarged upper parts, 
tapered rapidly and reached depths of 10 to 16 inches. They descended almost 
vertically and gave off but few short, unbranched laterals (fig. 35). 


Fie. 34.—Pinus ponderosa 2.5 months old. Fic. 35.—Liatris punctata 2.5 months old. 


Robinia pseudacacia seedlings 45 days old had about 6 compound leaves and 
a height of 5 inches. The tap-roots, which were about 1 mm. in diameter, 
tapered rapidly, but regained their maximum diameter again in the vigorously 
growing unbranched portion of the tip. The much branched tap-root de- 
scended irregularly to a depth of 12 to 15 inches; branching began about an 
inch below the surface and continued at the rate of 10 to 20 per inch, some of 
the horizontal laterals having a spread of 5 inches (fig. 36). 

The root development of Gleditsia triacanthus was even more remarkable. 
On July 12, when 81 days old, the trees had a height of 7 to 9 inches and 
15 to 17 compound leaves. The tap-roots reached depths of 30 to 40 inches. 
The course was rather directly downward, long branches being given off 
profusely to a depth of 20 inches. Below this for 9 to 12 inches many shorter 


EDAPHIC STATIONS: ROOT DEVELOPMENT. ve 


ones arose, while for the rest the tap-root was unbranched. The great spread 
of the longer horizontal laterals (12 to 18 inches), their large number and 
their characteristic branches, which as often pursued an upward as a down- 
ward course, are shown for one of the largest and best developed root sys- 
tems in figure 37. 

The rosettes of Onagra biennis 
were 5 to 8 inches in diameter and 
2 to 3 inches tall on October 5. 
The glistening white tap-roots, 5 
or 6 mm. in diameter, penetrated 
downward in a somewhat devious 
course, tapering to 1 mm. in width 
at 1.5 feet, but reaching a depth of 
39 to 44 inches in the stiff wet clay. 
Branches to the number of 100 
were produced just below the soil 
surface and extended to a depth 
of 1foot. These varied from 1 cm. 
to 6 inches in length in a few; they 
ran off rather horizontally and 
were poorly rebranched. Below a 
foot the branching was much less 
pronounced (3 to 6 per inch of 
tap-root) and the laterals short. 
In the deeper soil the tap-root took 
on the appearance of a delicate 
white thread. 

Near the end of the growing- 
season (October 5 and 6), the root Fie. 36.—Robinia pseudacacia 2.5 months old. 
development was examined in 
Muhlenbergia pungens and Calamovilfa longifolia, both characteristic sand- 
hill species but growing here in rich silt-loam. The former was repre- 
sented by bunches 12 to 16 inches in diameter and about 8 inches in 
average height. Flower-stalks 15 to 18 inches tall were abundant (plate 
12a). The root development was marked, roots being traced in the clay sub- 
soil to a maximum depth of 2.5 feet; they were very abundant in the first 22 
inches. Many new roots, with thick, white, rapidly growing tips ended in the 
first foot, some of these originating from the prostrate stems. All branched 
profusely upon entering the soil. However, there were not so many surface 
roots as described for sandhill specimens (Weaver, 1920:89), but this may have 
been due to the age of the plants. Fine laterals were exceedingly numerous, 
as many as 30 to 50 per linear inch. While most of these were only 1 cm. or 
less in length, others were 8 to 9 cm. long All were profusely and minutely 
branched, the larger ones to the third and fourth order, many even to the 
tips, although some that were growing rapidly were wide and free from 
branches. 

Calamovilfa longifolia had made an excellent growth, having leaves 24 to 
27 inches high and an abundance of flower-stalks at 24 to 27 inches. Many 
tough, wiry rhizomes, thickly covered with long scales and tipped with buds 
an inch long with very sharp, hard points, extended out on all sides of the 
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clumps for distances of 6 to 8 inches. Multitudes of tough, wiry roots pene- 
trated the soil vertically or obliquely downward to depths of 5 feet and some 
extended beyond a depth of 6 feet. Beginning just below the soil-surface and 
extending to near the tips of the larger roots, laterals well provided with 
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Fia. 37.—Root system of Gleditsia triacanthus less than 3 months old. 


branches to the third and fourth order were abundant. Most of the major 
laterals were only an inch or two long, but with the main roots they thoroughly 
occupied the soil beneath and for several inches on all sides of the clumps 
(plate 12, a and B). 

The excellent growth of all of these native species under favorable condi- 
tions, 73 per cent of the grasses bearing seed the first season, emphasizes the 
keen competition prevailing in stabilized grassland. 


Sowine 1n DENUDED QuADRATS. 


Fourteen species were planted in denuded quadrats on the gravel-knoll, 
April 14. Koeleria, Liatris punctata, L. scariosa, and Muhlenbergia pun- 
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gens did not germinate, while Lespedeza capitata, Pinus ponderosa, Sporo- 
bolus asper, and Stipa viridula germinated in small numbers (except the last, 
which was abundant), but all died before the end of June. At this time the 
mortality among the remaining species was also pronounced. Boutelowa 
gracilzs and Calamovilfa longifolia died in August. Symphoricarpus vulgaris, 
which was propagated from transplanted rhizomes, was nearly dead; Elymus 
canadensis was represented by a single plant 9 inches tall, Aristida purpurea by 
4 small clumps, and Andropogon nutans, which had formed a thin sod, was in 
poor condition. Thus, while 71 per cent of the species germinated or grew 
from rhizomes, only 40 per cent of these survived the first summer. Of the 16 
species sown in the low prairie, Koeleria, Liatris punctata, L. scariosa, and 
Symphoricarpus vulgaris failed to germinate or grow. Stipa viridula died 
during June, but the other species (except Robinia pseudacacia, which died 
in August) lived throughout the summer. Nearly all made a fair growth, 
but showed the effects of shading, the trees having thin, broad, pale leaves, 
while those of several of the grasses were much attenutaed. 

At Nebraska City, 7 of the 22 species failed to germinate. The 
seeds of Pinus ponderosa had been dug up and eaten by squirrels. Boutelowa 
gracilis, Lespedeza, Liatris scariosa, and Muhlenbergia died in June, as did also 
Bromus tnermis and Elymus canadensis, both of which were eaten to the 
ground by grasshoppers. All of the others made good growth, shading at this 
station being less pronounced than on the low prairie. Andropogon nutans 
formed a dense sod (plate 13). Calamovilfa was all dead but a few plants, and 
Robinia was represented by a single seedling, grasshoppers having damaged 
the good stand of early summer. 

On the low prairie all the species germinated and all but one came through 
the season in excellent condition. Stcpa setigera (seed from California) 
was winterkilled; the rest made a fine growth until the end of July, Aris- 
tzda and both species of Bouteloua blossoming. Andropogon scoparius, A. 
nulans, A. furcatus, Koeleria, and Elymus formed good sods and, like Stipa 
viridula, had tillered heavily. A. scoparius, A. nutans, A. furcatus, and 
Elymus continued to thrive, reaching heights of 18 to 24 inches, Koeleria grew 
to a height of 7 to 11 inches, and Bouteloua gracilis and B. hirsuta put forth 
flower-stalks 18 to 20 inches tall. Sécpa viridula was so badly shaded that half 
of the plants died, as did nearly all the tips of the leaves on the remaining 
plants. Autumn found Aristida purpurea also nearly dead or dying. In 1922, 
one lot of Aristeda died in May and one of Stipa in June, while Bouteloua 
hirsuta succumbed in August. Although the others made a good growth for the 
most part, Andropogon nutans, A. scoparius, Aristida, Boutelowa gracilis, and 
Elymus alone flowered. During the summer of 1923, Aristida, Boutelowa 
graclis, Stipa viridula, and one lot of Koeleria died as a result of the dense 
shade. While all three andropogons showed a normal development and 
formed dense sods, Koelerta.and Elymus were clearly losing ground. 

At Nebraska City, all of the species in the 1920 quadrats germinated, 
became established, and lived throughout the summer. However, the 
mortality among the individuals was high and in general the stand was 
not as good as on the low prairie. All but Koeleria survived the second 
season. Grasshoppers kept this species eaten back and also made consider- 
able ravages on Stipa viridula, Liatris punctata, and Elymus. Most of the 
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grasses tillered heavily, but no sod was formed comparable to that on the 
low prairie. Neither did they make an equal height-growth, Andropogon 
reaching heights of only 8 to 15 inches and Boutelowa 4 to 10 inches. Andro- 
pogon scoparius and Boutelowa hirsuta were the only species that seeded. 
Stipa viridula was winterkilled in 1921-22, but all the rest came through the 
following summer. Aristida and Elymus did poorly, but the others made 
fair to excellent growth, although flower production was not common, prob- 
ably owing in part to the dry fall. These 3-year-old quadrats were mostly 
invaded by Poa pratensis, species of Carex, and Helianthus rigidus, but none 
to the extent of causing serious competition. In 1922-23, Elymus was winter- 
killed, while all the others not only made a very good growth, but some also 
produced seed. 

At Colorado Springs, 7 of the 9 species planted in denuded quadrats in 
1920 germinated, and of these 4 survived the first season. During 1921, 
Andropogon nutans and Elymus canadensis died, but Andropogon scoparius 
formed an open tufted sod 2 inches high, which covered nearly the whole 
quadrat and reached a height of 4 inches by 1928. Stipa viridula also did 
well, tillering freely and reaching heights of 6 and 12 inches in 1922 and 
1923 respectively. 


Root DEVELOPMENT AT Peru, NEBRASKA. 


A number of species were grown in a well-prepared seed-bed in a cultivated 
field near Peru, Nebraska, a station about 20 miles south of Nebraska City. 
The mellow silt-loam soil, underlaid at a depth of 1 to 1.5 feet with a loess 
of very loose texture, not only absorbs water readily, but has a high water- 
holding capacity. This ranges from 57 to 64 per cent and is rather uniform 
to a depth of at least 4 feet, the same type of subsoil extending to depths of 
many feet. The mechanical analysis of this soil shows that it is approximately 
one-half silt, while the remainder is composed almost entirely of very fine sand 
and clay. Weaver has shown that in this soil-type roots of species common 
to both true and subclimax prairie penetrate more deeply than in the stiffer 
silt loam at Lincoln (1919:15). Normally, the rainfall is about 5 inches 
greater than at Lincoln; however, during 1921 it was not only deficient, but 
also poorly distributed. During April, the rainfall was nearly 3 inches below 
normal, 70 per cent of it falling at one time. For May it was 1.6 inches below 
normal, 72 per cent of it falling between May 7 and 10. June, with 3.4 
inches of precipitation, practically all of which occurred before the middle of 
the month, had a deficiency of 1.4 inches. The holard was much below nor- 
mal and the poor growth of crops marked the season as one of distinct drought 
(Weaver, Jean, and Crist, 1922:78), though the native species made a fairly 
good growth. When they had reached an age of 90 days (July 18-19), the 
development of the plants both above and below ground was recorded (table 
28). The development below ground was marked and agreed well with pre- 
vious findings as to the deep-seated nature of mature root systems in this 
mellow loess soil. 


SEEDLING TRANSPLANTS. 


Seedlings of 14 species were transplanted to the gravel-knoll on May 9. 
Agropyrum glaucum, Aristida purpurea, and Stipa viridula had died by May 
25, Elymus canadensis and Koeleria cristata succumbed early in June, and 
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Bouteloua racemosa and Stipa comata later in the month. Liatris punctata 
and Stipa spartea died in July and Andropogon furcatus in August. By the 
end of the summer Bouteloua gracilis and Liatris scariosa were represented 
by remnants only, and both species died later in the year. Boutelowa hirsuta 
came through the summer with only one small clump about 3 inches tall and 
Andropogon nutans with two, 6 or 7 inches high, the survival for the first 
season being 14 per cent. 


TABLE 28.—Development of seedlings at Peru, Nebraska, July 19, 1921. 


Work- | Maxi- | Lateral 


Species planted Development ing mum spread 
Apr. 19. of shoots. depth depth of 
N of roots. | of roots.| roots. 


Andropogon nutans..}| Good stand; luxuriant growth; ave. 
height 11 in.; max. height 16 in. 

Aristida purpurea. ..| Good growth; height 4 to 6 in.; 12 to 30 
tillers per plant. 

Bouteloua gracilis. ..| Good stand; lvs. 4 to 8 in. high; exceed- 
ingly well tillered; flower-stalks about 
9 in. tall. 

Elymus canadensis. .| Vigorous plants; height 10 to 16 in.; 3 
to 4 tillers per plant; heads appearing. 

Liatris punctata..... Good growth; 3 to 5 leaves per plant; 
3 to 4 in. tall. 

Stipa viridula....... Thin stand, vigorous growth, ave. height 
7 to 9 in.; 6 to 10 tillers per plant. 


Seedlings that were transplanted to low prairie at the same time made a 
much better growth. All grew well, but by the end of June Agropyrum, Boute- 
loua racemosa, and Elymus particularly, showed the effects of shading. In 
July, through error, a part of the prairie into which the transplant area ex- 
tended was mown. Those in the area of better illumination made a fine 
growth, the shorter boutelouas reaching heights of 4 to 8 inches and the 
andropogons 6 to 12 inches. In the shaded area Agropyrum died and the 
other species made but a poor to fair growth, the leaves being thin and atten- 
uated; the loss of only 1 of the 13 species is remarkable. 

All of the seedling transplants at Nebraska City did very well until about 
the middle of June, when Agropyrum, Koeleria, and Liatris punctata died 
and by July 15, Boutelowa racemosa had likewise succumbed. The other 
boutelouas, Aristida, and the andropogons, however, were in a flourish- 
ing condition. Elymus, Stipa comata, and S. viridula had been badly eaten 
back by grasshoppers and were represented by remnants only, as were also 
Liatris scariosa and S. spartea. Elymus and Stipa viridula died in August, 
and S. comata was found to be in very poor condition in the autumn, but the 
other 7 species were doing quite well. 

SUMMARY. 

A summary of the experiments for this year is given in table 29. The 

results from the Colorado Springs station are omitted because the area was 


broken into by cattle and closely grazed. Owing to the drought at Nebraska 
City, the percentage of germination is lower here than in low prairie at Lin- 
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coln. However, the percentage of establishment averaged slightly higher 
at the Nebraska City station, although growth was somewhat poorer. The 
germination averaged slightly lower on the gravel-knoll (where surface sow- 
ing was omitted) than at Nebraska City, while the establishment was decidedly 


TaBLE 29.—Summary of sowing experiments, 1921. 


Pe Percentage of germinated species 
Percentage of germination. eatailiahods 
Method of 
planting. , 
Gravel- Low Nebraska | Gravel- Low Nebraska 
knoll. prairie. City. knoll. prairie. City. 
DUTIACEt SAce sioner: i 78 78 es 14 29 
Mlirench' sciatic 55 75 50 17 il7/ 33 
Denuded quadrat.... 71 TES 68 40 83 60 
AVETAPC. ee 63 76 65 29 38 41 
Seedlings seaccaree e ae be 14 92 57 


lower. The survival of transplanted seedlings was highest on low prairie 
(92 per cent), intermediate at Nebraska City (57 per cent), and least on the 
gravel-knoll (14 per cent). 

Of the survivors of the surface-sown species of the preceding year (1920) on 
low prairie, Koeleria was winterkilled. One of the 4 survivors at Nebraska 
City died. Of those sown in the trench, both survivors of 1920 on the gravel- 
knoll died, 2 of the 4 on low prairie, and 3 of the 6 at Nebraska City. 
Among the species planted in the denuded quadrats during 1920, none 
persisted on the gravel-knoll. One of the 10 survivors on the low prairie 
died during 1921, and also 1 of the 10 at Nebraska City. 


TaBLE 380.—Comparison of germination and growth at the several stations, 1921. 


Average per cent of establishment of 


Average per cent of germination. gerevinated’apecian, 
Eincolnshigh prainiens. sen. See Sis SPhillipsburges cet ee eee 65 
Dancolnrlow; prairie. we. erat eee (6: |, "Nebraska City. eek bce eee ee 41 
Phillipsburg wee eee ee esr OO; eincolnshigheprainiosse samen eee 40 
Nebraska; City. sce ose eke oes 65>\|- Lincoln low. prairie.) ne i eee 38 
Mincolnyeravel-knolli 4 ee ee he 63 Gravel-knolliy ties 2. cy eh nena eee 29 
Borlington eds cron Greer ie ee 43) Na Burlin Sho acWel. see eee eh ae nee 7 


Per cent of establishment in denuded 


Per cent of establishment of seedlings: 


quadrats: 
inicolniLows prairiowsemme ee eee $3] Juincoln low prairie. (nse. anes 92 
incolm-nigheprairie: nausea eee Goll SP billtpsburg tar ae ee per ce eae ee 75 
Phillips bin ger enics okt ce een re yok ee Gs. de Nebraska, Citys 0 onthe pee a ee Oe. 
Nebraska City cece sn to ie sen eee GOR Wuimcolnhighiprainie: ey eee 54 
Gravel-knolliok mandi skea ks Soha ees 40 | Gravel-knolliseay 3a saeie eee eee 14 
Burling tones niceek ats vemos anal ce 2d Burlin ctOm Gia ie oa Nee a ae 0 


If the data from the other stations are included and arranged in the order 
of the average percentage of germination (table 30), they prove to be in 
general agreement with those of the preceding year (p. 48), with two excep- 
tions. Owing to the drought, Nebraska City ranks after Phillipsburg, in- 
stead of heading the list, while Phillipsburg falls behind low prairie in rank. 

When the stations are arranged according to the average percentage of 
establishment, Phillipsburg ranks highest with 65 per cent (largely because 
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of the excellent establishment of surface-sown plants). The Lincoln stations 
and Nebraska City are about the same (88 to 41 per cent), while the gravel- 
knoll and Burlington have changed in relative position, the latter giving the 
lowest percentage of establishment. On the basis of establishment in de- 
nuded quadrats, the same sequence occurs as during 1920, except that Ne- 
braska City then ranked first and the gravel-knoll last. If an average is 
obtained from all four criteria for growth, the stations aline them- 
selves as follows: Low prairie 72, Phillipsburg 67, high prairie 60, Nebraska 
City 56, gravel-knoll 37, and Burlington 18. 


Sop TRANSPLANTS. 
GRAVEL-KNOLL. 


Between March 20 and 31, 18 blocks of sod, including 14 species from 
the various Lincoln stations, were transplanted to the gravel-knoll. 
Distichlis spicata died in June, while Agropyrum glaucum, Andropogon sco- 
parius, and two lots of Koeleria cristata died during August, notwithstanding 
the relatively favorable season for growth. With the exception of Poa 
pratensis, all of the other species made a fair growth, but the scarcity of water 
was indicated by the rolling of leaves and frequent wilting (table 25). Andro- 
pogon furcatus and A. nutans reached a height of a foot and Panicum virgatum 
one of 1.5 feet, but did not put forth flower-stalks. Bouteloua hirsuta and 
racemosa had a few flower-stalks each at 1 and 2 feet respectively, while 
Bulbilis blossomed profusely in June, but like the other species did not 
increase its area. Elymus bore several fine heads at a height of 2 to 2.5 feet 
and Spartina cynosuroides from the swamp flowered at 27 to 34 inches; Poa 
and Stipa also blossomed. 

Poa and both clumps of B. racemosa were winterkilled. Elymus died during 
the August drought, but all of the others made a fair to good growth, although 
adversely affected by the latesummerdrought. Seven of the8 species bloomed, 
Andropogon furcatus from the low prairie alone failing to put forth flower- 
stalks. All survived the drought of the following fall and winter. Panicum 
alone made a poor growth the following season, while Andropogon furcatus, 
Bulbilis, and Spartina spread a foot or more beyond their original area. By 
August 25, Stipa and Bulbilis were the only species that gave signs of having 
flowered or preparing to flower, a striking contrast to the preceding year, 
when drought promoted reproduction. Even during the very favorable year 
of 1923, but more especially during preceding seasons, sod transplants on the 
gravel-knoll were all much shorter than elsewhere. They also began renewed 
development earlier and produced flower-stalks sooner. 

Of the species planted in the spring of 1920, although suffering severely 
from drought, only one sod of Poa and another of Andropogon scoparius in 
the unwatered row died (table 66). One of Koeleria was winterkilled, while 
a sod of Elymus and another of Koeleria died during August of the second 
season. Practically all of the species, including Panicum virgatum and 
Spartina cynosuroides, made a fair growth, rolling of leaves and wilting 
occurring much more rarely than in transplants of the current year, owing to 
the well-established, root systems. Exceptions to this occurred in the case of 
Agropyrum, both lots of which did very poorly, as did also one sod of Elymus 
and the remaining block of Koeleria. After the middle of August, when the 
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short-grass cover of the knoll began to dry, most of the tall-grass sods began 
to change color and enter the winter condition also. One lot each of A. 
furcatus, A. scoparius, B. racemosa, Elymus canadensis, and Poa pratensis and 
all three lots of Panicum virgatum had flowered and set seed, although the 
flower-stalks were fewer in number and smaller than normal. Of the species 
that seeded the first season after transplanting, viz, Koeleria, Stipa, Agro- 
pyrum, Elymus, Panicum, and Poa, only the last three seeded the second 
year. The single remaining lot of Koeleria and Poa were both winterkilled 
and one Agropyrum died in June 1922. Both lots of Elymus died later in the 
summer, as did also one of Andropogon furcatus. The effect of drought upon 
the other species is shown in table 66. So well were these species rooted, 
however, that the dry fall and winter of 1922-23 took but a single Andropogon 
scoparius. The growth during 1923 was marked, Panicum doubling and 
Andropogon nutans tripling its area. R 


Low Prarrin. 


Fifteen species of grasses were transplanted into the low prairie late in 
March 1921. The rank growth of the native tall-grasses produced a very 
dense shade (plate 6a). Bouteloua hirsuta, Distichlis spicata, and Koeleria 
cristata had died by late summer and Agropyrum had made but poor growth. 
Bouteloua gracilis and Bulbilis dactyloides both reached a height of 12 
inches, the leaves being much attenuated, but neither was able to increase 
its territory. Andropogon furcatus, A. nutans, Bouteloua racemosa, Spartina 
cynosuroides, and Stipa spartea all developed about normally, but none blos- 
somed. Bulbilis, Poa, Andropogon scoparius, Elymus, and Panicum bore 
well-developed flower-stalks and seeded rather profusely. During the follow- 
ing May and June, owing to the dense cover and resulting competition, 
Andropogon scoparius, Boutelowa racemosa, B. gracilis, and Stipa spartea, all 
high-prairie species, died. Bulbilis died in July, while by the end of the 
summer Agropyrum, one Elymus, and Poa were represented by remnants only. 
Elymus, Panicum, and Spartina alone blossomed. All these survived the dry 
winter, but by August 1923, Agropyrum was dead and Poa nearly shaded out. 
Both lots of Elymus were heading at 40 to 42 inches high, while the other 
subclimax species, viz, Spartina, Panicum, Andropogon nutans, and A. 
furcatus, were all flourishing. 

As to the 1920 transplants at this station, all made a good growth, and all 
except Spartina cynosuroides bloomed (table 67). By May 18, 1921, Bouteloua 
racemosa, one lot of Koeleria, and two of Stipa spartea were dead. Many 
others, particularly Agropyrum, Bulbilis, Distichlis, and Stipa, were suffer- 
ing from shading and invasion, but all other species made a good growth 
during June and July. By the end of the summer, one Agropyrum had 
died, and the other was much attenuated. Bulbilis, Distichlis, and Koeleria 
were nearly dead, being represented by remnants only, and Bulbilis alone had 
blossomed. However, all of the other species had made an excellent growth. 
The three andropogons exhibited abundant flower-stalks 3 to 5 feet high, and 
Bouteloua gracilis had leaves a foot tall, but flowered sparingly. Elymus and 
Panicum possessed flower-stalks in profusion 4 to 5 feet tall, and Stipa seeded 
at 33 to 36 inches, while Spartina made a good growth but did not blossom. 

By May of the following spring (1923), one Andropogon scoparius and 
Koeleria had died in addition to Distichlis. Panicum virgatum and Andro- 
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pogon nutans and one lot of A. furcatus were indistinguishable from the general 
cover. Poa pratensis and another Andropogon scoparius died in July, and 
Agropyrum glaucum and Bulbilis by August. At this time the following were 
in rather poor condition: one Andropogon scoparius, both plants of Boutelowa 
gracilis, and Elymus and Koeleria, but the rest had made a good growth. 
By the spring of 1923, Boutelowa gracilis and one Andropogon scoparius 
were dead. By the end of this, the fourth season, sufficient time had elapsed 
for a fair adjustment of the species to the low-prairie habitat. Although 
the remaining high-prairie species (two lots of Sizpa and one of Koeleria) 
were still in fair condition, the last Andropogon scoparius was in straits. 
The other species of the subclimax prairie, viz, Andropogon furcatus, Elymus 
canadensis, and Spartina cynosuroides, were flourishing, while Andropogon 
nutans and Panicum virgatum had already become indistinguishable from 
the native sod. The following had entirely lost out in the struggle for light: 
Agropyrum, Bouteloua gracilis, Bulbilis, Poa, Bouteloua racemosa, and Dis- 
tichlis spicata. As a consequence, these experiments clearly reveal the effect 
of competition in sorting out species and stabilizing vegetation. 


SALT-FLAT. 


Sods of each of the preceding species were also transplanted into the salt-flat 
late in March, 1921. During June most of the plants suffered from 
drought, great cracks appearing on the sides of the transplanted blocks, owing 
to the peculiar nature of the soil (p. 44). Growth was very poor, wilting and 
even dying of parts being not uncommon. Throughout July, growth was 
slow, most of the sods making only a sparse growth and Spartina alone 
flourishing. Koeleria and Stipa failed to blossom or bore only a few dwarfed 
flower-stalks, and the inflorescence of Bulbilis was also shorter than normal. 
By the end of the summer, the leaves of Andropogon furcatus, A. nutans, and 
Bouteloua racemosa were dying back, while Panicum virgatum and B. hirsuta 
were nearly dead. These, like Agropyrum, B. gracilis, and Spartina, had 
failed to blossom. Andropogon scoparius, Elymus, and Poa had dwarfed 
flower-stalks and Distichlis alone developed normally. 

As a result of the drought of the following June, all the sods were in poor 
condition, large cracks occurring around most of the transplanted blocks, 
even those that had been transplanted 2 or 3 years, and many of them were 
very dry. One Koeleria died in June and the other two did very poorly. 
Poa and Panicum were represented only by remnants at the end of the season 
and the growth in many of the other blocks was very sparse. Practically 
all of the plants were dwarfed and only 4 species blossomed, viz, Andropogon 
scoparius, Bulbilis, Elymus, and Koeleria; on these the inflorescences were 
much dwarfed. 

During the very favorable growing-season of 1923, another Koeleria and 
Stipa died and Andropogon furcatus, A. scoparius, Bouteloua racemosa, Panicum 
virgatum, and Spartina cynosuroides were represented by remnants only. 
Seven species seeded, although not abundantly. 

The sods transplanted into the salt-flat during 1920 made a poor growth 
the first season, though 8 of the 13 species blossomed (table 68). Compared 
with the growth of similar species in the adjoining low prairie, nearly all were 
greatly dwarfed. However, they survived the first season. During May 
1921, Andropogon scoparius, A. nutans, Stipa spartea, one lot of Elymus 
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canadensis, and one Koeleria cristata were in poor condition or dying. How- 
ever, many of the others, including Panicum and Spartina, were doing quite 
well. Throughout June and July they grew fairly well, except A. scoparius, 
which was mostly dead and badly invaded by Distichlis. All lived through- 
out the second season but Bouteloua racemosa, though none grew normally 
except Distichlis. Agropyrum, A. scoparius, A. nutans, B. racemosa, Spar- 
tina, and Stipa failed to flower. The dwarfed condition of the remaining 
species, all of which blossomed, was well represented by A. furcatus, which 
bore flower-stalks only about 2 feet high. Panicum was an exception, with 
a few stalks reaching a height of 40 inches, but its vegetative growth, as for 
all of the other species, was much below normal. Elymus canadensis failed 
to grow in 1922, while one Panicum virgatum died in June. Although the 
plants in general made a fair growth, they were dwarfed and several 
species did poorly. Andropogon furcatus, Distichlis, Koeleria, Panicum, and 
Poa blossomed. Owing to an excellent holard, all the species except 
Elymus, Stipa, and Andropogon nutans made a good growth during 1923. 
Consequently, it seems evident that several species can tolerate the saline 
areas dominated by Distichlis and Agropyrum, as was clearly shown during 
the wet year of 1923. As a result, the salt-basin is being gradually invaded 
by various prairie species. 
SALT-BASIN. 


A similar lot of sods was transplanted to an area in the salt-basin just west 
of Lincoln, which is dominated by Dondia depressa. This halophyte occu- 
ples an intermediate zone between the less saline Distichlis area and the wetter 
and more saline one of Salicornia herbacea. Repeated analyses of the soil 
in the Dondia area show that it has a salt-content of 1.8 to 2.0 per cent, prac- 
tically all of which is sodium chloride. The holard in spring and early summer 
is more or less favorable for growth. Dondia, Salicornia, and Distichlis 
were also transplanted early in April, together with the sods of the grasses. 
Within 20 days the transplants from non-alkaline soil began to lose their 
green color and the tips of the leaves to dry, and after another 20-day period 
all were dead. The three halophytes did very well throughout the season, 
except Salicornia, which suffered apparently from drought late in the 
summer. 


SWAMP. 


Sods of the same species were transplanted into the swamp in March 
1921. Owing to the building of a dam higher up the ravine, conditions were 
markedly different from the preceding year. The soil in the wettest 
area was not saturated to the surface throughout the spring, although water 
stood on the top during the first week in May. For much of the remainder 
of the season the area was relatively dry, the holard being so low that water 
could not be pressed out by hand from the surface 6 inches. The Poa zone 
was also drier than the preceding year. This area, which was nearly pure 
bluegrass at the beginning of the experiments (1920), was now invaded by a 
rank growth of Spartina, and light conditions were less favorable than for- 
merly. 

In the swamp all of the grasses made a very good growth until the end of 
June, Bulbilis flowering profusely, but Stipa and Koeleria, other early bloom- 
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ers, failed to bloom. At this time Spartina was 3 feet high all around the 
sods and the transplants began to show the effects of shading, the light values 
falling as low as 2 to 5 per cent. By the end of July the surrounding vegeta- 
tion was 4 feet tall and some of the sods were found with difficulty. The 
soil was wet, and hence many of the plants were slender, with narrow leaves. 
Late in August, Agropyrum, Bouteloua hirsuta, B. gracilis, Distichlis, and 
Koeleria were dying back or mostly dead, some being represented by rem- 
nants only. They were all attenuated and none had produced flower-stalks. 
Andropogon nutans, A. scoparius, B. racemosa, Spartina, and Stipa had all 
made excellent growth, but none produced flowers. Bulbilis, Elymus, Poa, 
and Panicum also grew well and blossomed about normally. 

The sods in the Poa zone, which were-planted at the same time, made a 
good growth early in the season. By the end of June, Spartina, Cyperus, 
Mentha, etc., had reached a level of about 3 feet and the shade was dense. 
Bulbilis and Bouteloua gracilis both had delicate slender leaves 10 to 14 inches 
tall, while those of Koeleria reached 15 inches. None had blossomed, but 
Siipa had a few fruits which were smaller than normal. On August 31, one- 
half of Boutelowa gracilis was dead and Distichlis was nearly so. However, 
most of the other species, though slender, had made in almost every case a 
much better growth than in the wetter part of the swamp. Six of the 13 
species, viz, Andropogon scoparius, A. nutans, Stipa, Distichlis, Elymus, and 
Panicum, blossomed, in contrast to 4 of the 14 species in the swamp. 

In 1922, the swamp area was much drier than during preceding years; in 
fact there was nowhere excess holard or deficient aeration, light being the 
controlling factor. Spartina was over 2.5 feet tall by the middle of June 
and 4 feet in August, covering the area with a dense growth. Conditions 
were very similar in the Poa zone. The leaves on practically all of the plants 
were very narrow, long, and delicate, Andropogon scoparius did not appear 
in the spring, and Koeleria died in August. The following early bloomers 
produced flowers: Bulbilis, Koeleria, Stipa, and Poa, while the subclimax 
dominants Elymus and Panicum also blossomed. By June of 1923, Boute- 
loua hirsuta, Bulbilis, and Distichlis were dead, while Bouteloua gracilis, B. 
racemosa, Elymus, and Stipa vanished later in the summer. ‘This left a few 
remnants of Agropyrum and well-developed plants of Andropogon nutans, 
Panicum virgatum, and Spartina cynosuroides at the end of the third season. 
In the Poa zone all survived the 1922 season, but the following species died 
_ the next summer: Andropogon nutans, A. scoparius, Bulbilis, Boutelowa 
gracilis, Distichlis, and Elymus. Agropyrum, Bouteloua racemosa, and Stipa 
spartea were represented by remnants only, while Andropogon furcatus, Pani- 
cum, and Spartina were the only species that had developed normally. 

The fate of the sods planted in the swamp during 1920 is instructive. A. 
scoparius, A. furcatus, A. nutans, B. gracilis, B. racemosa, Koeleria, and Stipa 
died the first season, while many of the others came through in very poor 
condition (table 69). In May of the following spring Agropyrum and Elymus, 
and especially Poa, showed signs of distress. Spartina developed nor- 
mally, while Panicum and Distichlis were in good health. Both Agropyrum 
and Poa had died by the end of July; autumn found remnants only of Distich- 
lis and Elymus, but Panicum and Spartina had made a good growth and 
seeded. During 1920, Koelerza, Stipa, Andropogon scoparius, and A. nutans 
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died in the Poa zone. The following spring Agropyrum glaucum and Bouteloua 
racemosa failed to appear, while B. gracilis died in June after a feeble 
growth. Dzistichlis succumbed in August, but Elymus, Poa, Panicum, and 
Spartina made a fairly normal growth, all ripening seed. 

Since the swamp was much drier and the air-content higher, the chief 
factor inhibiting growth was not aeration but light (p. 73). Spartina be- 
came indistinguishable from the surrounding vegetation. Panicum blos- 
somed normally, Elymus bore a single flower-stalk 2 feet high, while Distichlis 
did very poorly. In the Poa zone, Poa and Elymus made an excellent growth, 
the former merging into the common sod and the latter flowering at a height 
of over 4 feet. Panicum and Spartina developed normally in every way. 
In 1923 Distichlis died, but the three low-prairie species developed very well, 
the 4 species in the Poa zone also prospering. The results are in accord with 
the expectation, since all the species except those of the mesophytic subclimax 
prairie, viz, Andropogon furcatus, Elymus, Panicum, and Spartina, had lost 
in the struggle during the period of 3 or 4 years. 


REGIONAL TRANSPLANTS. 


As to the fate of the sods transplanted to Colorado Springs in 1920, both 
blocks of Stipa spartea had died by the end of 1921, as well as one each of the 
following species: Andropogon furcatus, A. scoparius, Bouteloua racemosa, 
Elymus, Koeleria, and Panicum. This was chiefly due to drought, but partly 
also to overgrazing, stock having broken into the inclosure at several times. 
In 1922, Bulbilzs alone blossomed, repeated grazing again weakening the other 
plants. By the autumn of 1923, grazing having been continued, the last lot 
of Elymus had died, several of the other species were represented by rem- 
nants only, and all were in rather poor condition. 

During 1921, sods of Stipa setigera, S. eminens, Poa tenuifolia, and Melica 
imperfecta from California were transplanted into high and low prairie re- 
spectively on June 23. These were received at Lincoln on May 18, but were 
kept in a garden and watered frequently before the large blocks of soil con- 
taining the transplant were removed to the native grassland. Here they were 
again watered from time to time as necessary. Only afew made a feeble growth 
and all on the high prairie were dead by July 30. On the low prairie four lots 
put out new shoots 3 to 5 inches long, but these died by the end of the summer. 

On July 20 the following species from Arizona were transplanted in quad- 
ruplicate into a garden at Lincoln and kept well watered: Bouteloua eriopoda, 
B. rothrocki, B. bromordes, and Aristida divaricata. All made some growth. In 
September one clump of B. erzopoda bore flower-stalks about 15 inches tall, 
and one B. bromoides possessed leaves 9 inches high and flowered abundantly 
at 15 to 22 inches. 


4. EXPERIMENTS DURING 1922. 
PHYSICAL FACTORS. 


RAINFALL. 


The season of 1922 was fairly favorable for growth, except the latter part, 
when severe drought occurred at all the stations, being relatively less marked 
at Burlington. At Lincoln the combined precipitation for March and April 
averaged about normal; that of May and June was approximately 1 and 2 
inches below the mean respectively, July had an excess of 2.4 inches, but only 
0.7 of the 3.7 normal rainfall of August occurred (fig. 9). At Phillipsburg the 
April precipitation was nearly 1.5 inches above normal (no report for May), 
June, July, August, and September showing deficiencies of 2.4, 0.6, 1.8, and 
1.6 inches respectively (fig. 15). The Burlington precipitation was about 
half the normal during March (April report missing), 0.4 inch in excess during 
May, while June gave an excess of 1.4 inches over the mean. July had a 
deficiency of 0.8, August an excess of 0.5, and September was also far below 
the normal (fig. 16). Spring and early summer drought periods, i. e., rainfall 
less than 0.21 inch, occurred at Lincoln from April 11 to May 8 and May 26 
to June 24. At Phillipsburg a 10-day drought occurred in April (May report 
missing) and no rain fell from June 1 to 26. The severity of the late-summer 
drought at both Lincoln and Phillipsburg is well illustrated by the fact that 
by the end of August the late-developing Andropogons were already half dried 
and appeared to be entering the winter condition. No efficient precipitation 
fell at Burlington from May 2 to 19 and 20 to 29 (April report missing) or 
June 2 to 15. 


HOoLarp. 


A study of the water-content (table 31) shows that a margin of 5 per cent 
(more usually 7 to 11 per cent) above the hygroscopic coefficient existed at all 
times to a depth of 4 feet in the high prairie at Lincoln (except in the surface 
6 inches on June 22). 

At the mixed-prairie station a good water-content prevailed to 3 feet in the 
spring, but the margin of safety was much less at nearly every determination 
than at Lincoln. Late in June, and again throughout July and August, 
drought prevailed, no water being available often to depths of 4 feet. Condi- 
tions at Burlington were not very different, the soil in spring and early summer 
being as usual quite moist. However, the deficiencies were very marked and 
practically continuous after June 18. 


TEMPERATURE. 


Air-temperatures in general were lowest at Burlington, 7° F. higher at 
Lincoln during early May, and usually 3 to 5° higher during the rest of the 
season; those at Phillipsburg exceeded those at Lincoln by 2 to 5°, especially 
after June 7 (fig. 38). The night temperatures at Burlington were decidedly 
lowest (by 2 to 10°), those at Lincoln intermediate, and at Phillipsburg 
highest (fig. 39). A similar general relation, but one less marked and with 
overlappings, holds for the day temperatures. Soil-temperatures at a depth 
of 3 inches were obtained until the middle of June, after which the thermo- 
graph bulbs were buried at a depth of 12 inches and left for the remainder of 
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the season. In figure 40 it may be seen that the moister soil at Lincoln was 
also that with the lowest temperature, although the differences, as in the case 
TaBLE 31.—Holard in excess of the hygroscopic coefficient at the several 


stations, 1922. 
Lincoun, NeBRASKA. 


Date. 0 to 0.5 | 0.5 to 1 | 1 to 2 2 tors: 3 to 4 
foot. foot. feet. feet. feet. 
ADT Oe annray en 138: 15.8 14.7 10.9 9.1 
Vay 1 Oienres ree TOR 1327 15.3 Bas spas 
AR hfe ee eS ee 12.0 alesaal 14.1 Pas! 7.8 
JUNC PA ee 6.4 15h 10.9 xe 
UNO UL Ae ea eee 6.8 iS 10.5 8.4 6.6 
JUNOY2 2c erent eee 3.5 6.3 dliinal Act es 
uly TOs eee Ont 4.7 8.9 8.0 5.4 
July else metic res 17.8 Vales 8.1 
Julye20 eee een 16.4 10.7 6.2 
Ul Va ieee eee Die? 14.7 V0 eke 
AUD? RS Reseed ee 8.2 10.1 Waa: 8.0 6.0 
PAU a ll Oe eee mearr eee 5.6 6.2 7.4 
PAN Ral ak aoe eae ee 0.9 eS 0.8 as 
AUIS 24 ee ea Gees Be 5.4 joi ool 523 
Hyegroscopic coeff... . 9.8 10.9 10.1 10.0 10.3 
PHILLIPSBURG, Kansas. 
ADT OS oa ten see 18.8 19.4 14.1 1,5 1.3 
Miaiy221:O Rear e. tenn ie: 5.4 10.2 9.3 622 0.4 
DUIS Bt lersttnden Serene ibe 9.5 7.8 Sue 0.5 
UNCUT ener eae 1.4 4.4 
June 24s sae ee ee —1.6 0.9 Sei Reape aoe 
JUNENS Onerrreere ae ee 10.8 ileal 3.7 Ont 4.7 
A ADD Nici ly keer at omen -1.7 0.2 —0.5 —0.2 0.9 
PUL Yar nee erecta: —0.1 1.6 A rare Merc 
NUD otce dae ee 0.5 ORG —0.5 —0.1 0.0 
ANC ST rare eee ee —1.5 —-1.8 —1.3 : 
Uh edge k/AcRAUN ee aa —3.7 —1.5 eee dete 
PAO Cette aetlern ea as —2.6 —1.4 Ona —1.7 0.2 
Hygroscopic coeff....| 10.6 10.6 10.9 10.6 10.7 
Buruincron, CoLtorapbo. 
eal 
BATT O Olu aron an ieee sees 17.6 16.9 8.5 —1.0 —1.0 
Mave2 Oise tances: 19.8 9.6 Sez, 6.8 —0.4 
UNG cei eee 1222 10.3 8.3 6.8 Pe 
a fibh ays) bl PAU ee icteric —0.1 1.2 4.5 4.9 —1.1 
JUNCGLS waruy eee nee 0,4 eel 3.8 3 page 
JUNCILO ee la nese ee 0.2 0.0 12 2.1 —0.2 
DU Viner oe eee rte Weal —-1.8 —2.6 —0.6 -1.3 
UU S ad Osenmterecr ep ace oes —2.5 —-1.9 —0.5 0.0 —-1.0 
Wulysc2a erate 6.7 -—1.1 -0.1 eu 
JUlye SO meses ofa eaie —0.7 —0.7 —0.2 Beets pees 
PAU ink ae ee ty Mie 5.4 —-1.5 -—1.9 —0.4 0.6 
ANS 2 Osteen nee —-1.7 —-1.9 -1.1 —0.2 SPE 
PNT are enealnd tae cits Pe —0.3 —2.1 —2.7 —-1.9 —0.4 
Hygroscopic coeff....| 10.9 10.9 12.2 12.0 11.4 


of air-temperatures, are not great enough to be of much importance in the 
establishment and growth of native vegetation. 


PHYSICAL FACTORS. 91 


Humnoupiry. 


Continuous records of humidity were not obtained during 1922, but a 
comparison of the hygrograph records from Burlington and Lincoln, from 
which the average day and average night humidities have been obtained, 
shows striking differences. With few exceptions, the air at the former was 
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‘1g. 38.—Average daily temperatures at Lincoln (solid line), Phillipsburg (long broken lines), and 
Burlington (short broken lines), 1922. 


13 to 25 per cent drier by day (table 32). Owing to the high altitude (4,160 
feet) and cool nights at Burlington, differences in night humidites were less 
marked. Frequent isolated readings at Phillipsburg, when compared with the 
records at the other stations, showed that they were usually intermediate. 


TABLE 32.—Average day and night humidites at Lincoln and Burlington, 1922. 


| Saeone —) 
Average day humidities. ) Average night humidities. 
Date naa Enon Rn eas ae ee a wy eee 
Lincoln. Burlington. Lincoln. Burlington. 
Dp. ct. D: (Ch. p. ct. D.C. 
PVT MeL COMsidiarat sid atv Aietn: erase tole sierone oe 44.7 45.5 73.5 11.3 
RMR LA Searcher ecient eisrareun ears 50.5 26.2 77.5 58.2 
MeL sas ear Saree teste tera s..cho 6 44.5 39.7 70.9 74.5 
DID OCS RISE ME a AOR PRCA 77.4 64.5 89.0 87.9 
SOAO FUME Acai ots cee sesiee ns 64.2 shee 90.2 ites 
REO MeO RDOML Wert Manteca wae ssyekereters 58.3 45.8 87.5 75.4 
Hae LS ate einen esate eae 60.6 40.5 86.6 74.2 
Mame Otay te te siete eects ansiate sls 48.8 37.2 73.2 73.0 
eZ OBbOWIULLY che oes ater calerdeee aa? 61.4 sm ie 85.3 wees 
TU pea NCOU LO) rt sre dee ore edevey aval ey ona) «4 60.8 51.0 78.5 82.2 
HOM Gita Mots cote e et tney Slakecae ns 71.0 Bysers 93.0 aie ate 
Mme Se GC SEAS ae © ce fene cues 70.6 44.5 89.4 78.5 
24 SOS aenconnsieean econ (O47? 46.1 92.3 78.3 
SIcCOVAM OS Giarcar. 4 ieieis aeve-e eons 66.0 cose 90.2 ae 

ANI GUERRA TOTO eect ertenae critaceie tia ce 55.3 61.0 85.3 90.6 
Arp AO nae aldte dmc te ea arti! 54.0 42.8 81.0 62.1 

DAL AR RS ETE DO CROTON AE 50.2 siaie 80.0 

SME OU Clare arate errs cahe wre, ata: 56.3 87.8 


92 EXPERIMENTS DURING 1922. 


EVAPORATION. 


The average daily evaporation (fig. 41) shows again the relative xerophytism 
of the several communities, as well as the periods of stress in June and August, 
although that at the two western stations remained rather high throughout 
the growing-season. The evaporation at Lincoln ranged from 9 to 33 c. c., at 
Phillipsburg 8 to 41 c. c., and at Burlington from 15 to 47 ¢. c. In general, 
the losses were higher than for the preceding year (fig. 23). 


Fic. 39.—Average day (heavy lines) and night temperatures (light lines), at Lincoln (solid line), Phil- 
lipsburg (long broken lines) and Burlington (short broken lines), 1922. 


To summarize, the season of 1922 was less favorable for growth than 1921, 
and deficiencies in rainfall and soil moisture were marked, being pronounced 
even at Lincoln, the least xerophytic of the stations, during late summer. 
Humidity and holard were again the controlling factors in plant growth, 
conditions as regards both being progressively more severe westward. 


PLANTING RESULTS. 


SURFACE SowIna. 


Twenty-two species of grasses, forbs, and trees were planted on the sur- 
face of the high prairie at Lincoln on April 18; 82 per cent of the species ger- 
minated, only Aster multiflorus, Boutelowa gracilis, Solidago missouriensis, and 
Sporobolus asper failing to do so. However, germination was considerably 
delayed because of dry weather. All of the species did at least fairly well 
until July, Lespedeza, Liatris spp., Onagra, and Pinus having succumbed by 
the 14th, while 4 other species were suffering badly. The drought period, 
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May 26 to June 24, was quite severe. During the latter part the long-establish- 
ed native grasses on the high prairie had rolled leaves and Erigeron ramosus 
was drying, many without flowering. It seems probable that most, if not all, of 
the surface-sown species would have succumbed except for regular watering. 
Late August found Bouteloua hirsuta, Kuhnia, Ratibida, and Robinia added to 
the mortality list. Thus, the mortality during the first summer was 50 per 
cent, notwithstanding regular watering at critical periods throughout the 
season. JLvatris scariosa died in August 1922, and Bouteloua hirsuta did 
very poorly, but the 5 remaining species flourished, except during the late- 
summer drought, Aristida purpurea, Bouteloua racemosa, and Elymus cana- 
densis producing seed. Andropogon nutans, Bouteloua hirsuta, and Boutelowa 
racemosa died during the dry fall and winter. During the wet summer of 1923 
the shade was very dense. At the end of the season Elymus canadensis was 
represented by a single weak plant; Liatris punctata, which was growing in a 
dense sod, was over a foot tall, but failed to blossom; but Aristida purpurea, 
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Fia. 40.—Average daily soil temperatures at depths of 3 and 12 inches respectively 
at Lincoln (solid line), Phillipsburg (long broken lines), and Burlington (short 
broken lines), 1922. 


the other survivor, developed normally and produced an abundance of seed. 


It seemed only a question of a year or two more, however, until all three would 
disappear from the stabilized grassland. 


TrencH SowINa. 


Twenty-three of the same species sown on the surface were also planted in a 
trench on the high prairie at Lincoln on April 18. Seven, viz, Amorpha can- 
escens, Aster multiflorus, Bouteloua hirsuta, B. gracilis, Onagra biennis, Rati- 
bida columnaris, and Solidago missouriensis, failed to germinate. Of the 70 
per cent germinating, Agropyrum glaucum and Liatris punctata died before the 
end of the June drought and many others wilted badly. Lespedeza capitata, 
Muhlenbergia pungens, Petalostemon candidus, and Sporobolus asper succumbed 
by the middle of July, while the remaining ten species (63 per cent) lived 
throughout the summer. Most of them, however, were in poor condition, 
being badly dried by August 21. 
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Plants in the trench at Phillipsburg did much more poorly. Of the 23 
species planted on April 29 only 8 (35 per cent) germinated. One-half of the 
trench was rather densely shaded by Bouteloua racemosa and Andropogon 
furcatus, and germination in it was very low. Only about half of those that 
germinated did so abundantly. Liatris scariosa and Sporobolus asper died 
by June 30, and Agropyrum glaucum in July, while Elymus canadensis, Des- 
modium canescens, and Kuhnia glutinosa succumbed in August. Andropogon 
nutans and Boutelowa racemosa were the only ones that survived the first 
summer. Although the prairie had been burned over the preceding winter 
through accident, by May 27 the general level of the grasses had reached 5 
or 6 inches, while an upper story of Psoralea, Helianthus, Erigeron, and flower- 
stalks of Poa and Stipa at 15 to 22 inches added to the shade. Consequently, 
light early became an important factor. 


Ma: August 
ey Aug A 


ul 
1 3 4 1 2rty 


4 1 2 4 

oe ee ee 
VAN 
CYZES EATS 
SV Net TA 
SAE PERE HE 


Fia. 41.—Average daily evaporation at Lincoln (solid line), Phillipsburg (long 
broken lines), and Burlington (short broken lines), 1922. 
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Twenty-two species were sown on the surface of the mixed prairie at Phil- 
lipsburg on April 29, the spring being late at all stations. Of these, 14 per 
cent, including Aster mulizflorus, Lespedeza capitata, and Solidago missouri- 
ensis, failed to germinate. By June 30 (no efficient rain having fallen dur- 
ing June 1 to 26), 4 forbs, Pinus, and Sporobolus had succumbed. On 
August 3, Agropyrum was found dead, and by the last of the month 
Amorpha, Aristida, Petalostemon, and Ratibida had also succumbed. This 
left 8 species (42 per cent) surviving, of which at least 4 were in very poor 
condition. Shading was an important factor. As early as June 30 the grass- 
level was 8 to 14 inches high, with subdominant herbs such as Psoralea at a 
level of 24 inches. 

Twenty of the same species grown at Lincoln and Phillipsburg were also 
sown on the surface of the short-grass sod at Burlington on April 30. Ten 
species (50 per cent) failed of germination. In fact, only Andropogon nutans, 
Robinia pseudacacia, Desmodium canescens, and Liatris scariosa germinated 
at all abundantly. Some species lay dormant until late in June, being 
stimulated to grow by a heavy shower. By the middle of July only one 
plant of Liatris scariosa remained alive, and it succumbed later. The follow- 
ing species alone survived in both the true and mixed prairies: Andropogon 
furcatus, A. nutans, Bouteloua racemosa, Desmodium canescens, and Elymus 
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canadensis. Shading played a minor role at Burlington, except in protecting 
the plants from too rapid water-loss, since the short-grass sod was only 3 
inches tall by July 1. The fate of the surface sowing of 1921 is of interest 
here. At Lincoln 9 per cent survived, but none at Burlington, while, owing 
to opportune showers and to a much more favorable light relation at Phillips- 
burg than at Lincoln, 83 per cent survived the first season. Establishment 
and growth in the mixed prairie, however, were better than on the short- 
grass plains. Among 22 species planted in the trench at Burlington on April 
30, 68 per cent failed of germination. However, 5 of the 6 species that grew 
germinated rather abundantly. Robinia pseudacacia, Desmodium canescens, 
and Kuhnia glutinosa died by the middle of July, and Agropyrum glaucum 
in August, while 5 plants of Andropogon nutans alone survived the summer. 
Andropogon nutans was the only species that survived at all three stations, 
reaching a height of 1 to 3 inches at Burlington, 5 to 8 inches at Phillipsburg, 
and 5 to 9 inches at Lincoln. Bouteloua racemosa survived at Phillipsburg 
and Lincoln, and 8 other species at Lincoln alone. 

As to the 1921 trench plantings, the best results were obtained at Lincoln, 
where 5 of the 11 species that germinated survived the first season. 
Bouteloua gracilis died the following June, but the rest made fair to good 
growth. During the favorable season of 1923 growth was excellent, 
Andropogon nutans and Sporobolus asper reaching heights of 8 to 10 inches, 
while Bouteloua hirsuta and Liatris scariosa were 5 to 7 inches tall, but none 
flowered. 

Of the 6 species that started growth at Phillipsburg, only Andropogon 
nutans and Aristida purpurea became permanently established. Both did 
quite well during 1922, but Andropogon, which was densely shaded, died in 
late summer. Aristida was represented in 1923 by a small clump which 
blossomed profusely at a height of 22 inches. No species planted in the 
trench in 1921 survived at Burlington. 


DENUDED QUADRATS. 


Thirty-five species of grasses, forbs, shrubs, and trees were planted in 
denuded quadrats in the true prairie on April 18. Among these, ten (29 
per cent) failed to germinate. Brauneria pallida died early in June and 
Acer negundo before the June drought was broken. During this period 
many other species were wilted or drying. By the middle of July, Agropyrum, 
Elymus, and Ulmus had also died, while Andropogon halli and Calamovilfa 
longifolia were added to the mortality list by August 22. However, 18 spe- 
cies or 72 per cent survived the first summer, the list including trees and 
forbs as well as grasses. Many of these were seriously affected by drought. 

Of 32 species planted on April 29 in denuded quadrats in the mixed prairie, 
10 (31 per cent) failed of germination. By June 10, Lespedeza and 
Liatris scariosa had, died, and Agropyrum, Muhlenbergia, and Ulmus 
disappeared by the end of the month. Robinia dried out during July and 
Acer negundo early in August. The end of August found Desmodium, Elymus, 
Onagra, and Pinus added to the list of non-survivors. This left 11 species, 
50 per cent of those which germinated, that survived the first summer. As 
usual, most of these showed by dead leaf-tips, rolled leaf-blades, or browning, 
the effects of intermittent periods of drought. 
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Twenty-eight species were sown in denuded quadrats at Burlington 
on April 30; 50 per cent of them failed of germination. Among these 
were Amorpha, Aster, Liatris, Ratibida, Redfieldia, and Solidago, all of 
which had also failed at Lincoln and Phillipsburg, notwithstanding they 
showed fair to good germination in the greenhouse as well as under other 
methods of planting. Seeds of certain species kept on germinating until 
July. By this time Acer saccharinum and Andropogon furcatus had died, but 
no further losses were recorded until August, when Agropyrum and Robinia 
also succumbed. In fact, except for the death of Aristida, no further loss 
of an entire species occurred, although many plants were eaten off by grass- 
hoppers, badly wilted, or entirely destroyed by drought. Thus, 64 per cent 
survived, showing at once the better conditions furnished by this method as 
compared with that of surface or trench sowing. The surface of the soil in 
these quadrats, as was true of those 2 or 3 years older, was always mellow; 
Bulbilis had started to invade the older ones from all sides, but the invasion 
was very incomplete, even on areas denuded for over 2 years. While the 
grama in the buffalo-grass sod was flowering rather sparsely at 6 to 12 inches, 
that around the edges of the quadrats, owing to an increased holard due to 
lessened competition, was 6 to 20 inches tall. 


SUMMARY. 


Andropogon nutans, Bouteloua gracilis, Bouteloua racemosa, Gleditsia tria- 
canthus, Kuhnia glutinosa, and Panicum virgatum grew throughout the sum- 
mer at all three stations. The following survived the summer at two: Des- 
modium canescens, Muhlenbergia pungens (Burlington and Lincoln), and Acer 
saccharinum, Andropogon furcatus, Aristida purpurea, Petalostemon candidus, 
and Sporobolus asper (Phillipsburg and Lincoln). Andropogon scoparius, 
Inatris punctata, Onagra biennis, Pinus ponderosa, and Robinia pseudacacia 
survived only at Lincoln. 

A comparison of the results shows that Bouteloua gracilis made the best 
growth at Burlington (5 to 13 inches) and the poorest at Lincoln (2 
to 5 inches). Gleditsia grew poorest at Burlington (2 to 5 inches) 
and about the same at the other stations (8 to 7 inches). However, 
all of the others, Andropogon nutans, Bouteloua racemosa, Kuhnia glutinosa, 
and Panicum virgatum, showed the best growth at Lincoln (4 to 12 inches), 
intermediate at Phillipsburg (8 to 9 inches), and least at Burlington (1 to 
5 inches). 

The fate of the species planted in quadrats in 1921 is of interest here. At 
Lincoln, 13 of the 20 species that germinated survived the first season, but 
the following spring 7 of these failed to come up. The 6 remaining 
species did very well throughout the next summer, but none came into blos- 
som. In 1923, Andropogon nutans formed a dense sod; Gleditsia was repre- 
sented by a single remnant, and Stcpa spartea by a scattered growth. The 
other species did fairly well, but all were much shaded and none produced 
seed. At Phillipsburg, 19 species germinated and 13 survived the first sum- 
mer; 6 of these, including 4 species of trees, were winterkilled, and 
Stipa setigera died by the end of 1922. Agropyrum and both species of Sym- 
phoricarpus did but poorly; Andropogon nutans formed a dense sod, while 
Aristida and Elymus both ripened seed. Of the 19 species which germinated 
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at Burlington in 1921, only 4 survived the first summer. Gleditsia was winter- 
killed and Calamovilfa was accidentally destroyed. Andropogon nutans grew 
well during both 1922 and 1923 and reached a height of 6 to 9 inches, but Bul- 
bilis had invaded rather extensively. Stipa viridula died during the severe 
winter of 1922-23. 


SEEDLING TRANSPLANTS. 


Seedlings of 20 species were transplanted into the high prairie on May 
17 and watered freely from time to time, as weather conditions demanded, 
until August 23. Notwithstanding this aid to establishment, Aristida 
purpurea and Petalostemon candidus died early in June, Agropyrum 
glaucum and Solidago missouriensis in July, and Psoralea tenuiflora flori- 
bunda and Stipa viridula following the drought in August. Several other 
species were represented by mere remnants, 14 (70 per cent) surviving the 
summer. As sometimes happens under cultivation, Onagra biennis grew a 
flower-stalk the first season, but failed to blossom and died in the fall. 

On May 19, seedlings of 19 species were transplanted into the mixed prairie 
at Phillipsburg. As at the other stations, they were about 15 days old. In 
planting, water was placed in the bottom of the trench and after it had settled 
down, moist soil was added around each root-mass until the trench was two- 
thirds filled, when a second watering was given. The trench was then filled 
with drier soil and finally covered with a dry mulch. At all stations the 
plants were watered for about a week thereafter. Agropyrum, Bouteloua 
racemosa, and Stipa viridula died during the June drought, and Psoralea by 
the first of August, but all the others made a good growth, the grasses tillering 
freely and Bouteloua gracilis and B. hirsuta blossoming. The mortality was 
only 22 per cent. 

Seedlings at Burlington did very poorly. Of the 19 species planted here on 
May 20, only 5 survived, 74 per cent succumbing to the unfavorable condi- 
tions of the short-grass plains; 1 died early in June, 5 more by July 2, 7 others 
before the first week in August, and another later in the same month. On 
August 26, wilted or half-dead clumps of Bouteloua racemosa, Stipa viridula, 
and Sporobolus asper, and better lots of Bouteloua hirsuta and B. gracilis, 
2 to 3 inches tall, alone remained. The history was one of repeated wilting 
and revival only to wilt again, the conditions causing transpiration at this 
station often being so severe that vegetation wilted even in soil of good 
water-content. Under such conditions growth was poor. Only three spe- 
cies survived at all the stations, viz, Bouteloua gracilis, B. hirsuta, and Sporo- 
bolus asper, even under this favorable method of transplanting. 

As to the 1921 seedlings, 6 of the 13 species transplanted into high prairie 
at Lincoln died the first summer, while 2 more were winterkilled (table 61). 
The 5 remaining species grew throughout 1922, all surviving the drought. 
However, Andropogon nutans and Stipa spartea died the following winter, 
leaving only the three species of Bouteloua. All these made a good growth 
in 1923, forming five clumps 5 to 8 inches tall. 

At Phillipsburg, 9 of the 12 species survived the first season and 1 died the 
following winter (table 62). At the end of 1922 Liatris scariosa had died 
and Agropyrum and Andropogon nutans were doing very poorly. The rest 
made a good growth, Boutelowa hirsuta alone producing flower-stalks. Andro- 
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pogon nutans and Agropyrum died the following winter. The two shorter 
gramas both made a good growth in 1923 and produced seed. Andropogon 
Jurcatus was densely shaded and did only fairly well; Stipa spartea was repre- 
sented by a few narrow, densely shaded leaves only, while Liatris punctata 
had 5 fine plants about a foot high that blossomed profusely. None of the 
1921 seedlings at Burlington survived the first season. 


SUMMARY. 


The average germination under all methods of planting was similar to 
that of the two preceding years, Lincoln being highest (74 per cent), the mixed- 
prairie station second (63 per cent), and the short-grass plains last (44 per 
cent). However, as regards surface sowing, Phillipsburg ranks slightly ahead 
of Lincoln, and this in spite of frequent watering at the latter station. The 
explanation for this seems to lie in soil structure, that at Phillipsburg being 
much mellower, and hence it does not crust when alternately wet and dry. 


TaBLE 33.—Summary of planting experiments, 1922. 


P ok corinetion Per cent of establishment 
Pe eae of germinated species. 
Method of 
planting. Philli ae ae 3 
7 ps- Burling- ; Phillips- Burling- 
Lincoln. burg. ton. Lincoln. burg. ton. 
Surface sowing...... 82 86 50 50 42 0 
pErenclten se eee 70 35 32 63 25 14 
Denuded quadrats... 71 69 50 2 50 64 
IAVELAQOt eae oe 74 63 44 62 39 26 
Seedlings. cares eee Hes | oer eee gel Pon pe ere, ee] Sleiman Roa 70 78 26 


This probably accounts for the 8 per cent margin in favor of the seedling trans- 
plants, since in all cases the percentage of germination falls off to the west- 
ward. 

Sixty-two per cent of the species that germinated at Lincoln became estab- 
lished, 39 per cent at Phillipsburg, and only 26 per cent at Burlington. The 
same sequence held for all methods of planting, except that establishment 
in the quadrats at Burlington exceeded by 14 per cent that at Phillipsburg. 
Both the lowest percentage of germination and establishment occurred in 
the trench, the denuded quadrats ranking highest in percentage of estab- 
lishment. 


Sop TRANSPLANTS. 


Large blocks of soil containing 26 species of grasses and forbs were 
transplanted into high prairie at Lincoln March 22 to April 5. All the 
transplants made a good growth except Psoralea tenurflora floribunda, which 
died before the middle of June, probably because of the cutting of its 
deep tap-root, Silphium integrifolium, which succumbed by the end of August, 
and Andropogon scoparius which grew poorly. In addition to 10 of the 
grasses, the following forbs blossomed and set seed: Anemone cylindrica, 
Brauneria pallida, Grindelia squarrosa, Liatris scariosa, Solidago missouriensis, 
S. rigida, and Vernonia fasciculata; only 7 per cent of the entire lot died. 
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Eighteen blocks of sod, representing 18 species of grasses, were transplanted 
from Lincoln into the short-grass sod at Burlington on April 15. Although 
none died, the growth was with few exceptions rather poor, being 
characterized by scattered shoots, frequently with rolled leaves and dead 
leaf-tips. Flowers were present in 61 per cent as compared with 67 per cent 
of the grasses transplanted at Lincoln. In all cases, however, the flower- 
stalks were 3 to 10 inches shorter and usually few in number, while the 
inflorescence itself was dwarfed. For example, Agropyrum headed at Bur- 
lington at 11 inches, while at Lincoln the flower-stalks were 21 to 27 inches 
tall; Elymus headed at 12 to 18 inches in the Great Plains, but in the true 
prairie at 28 inches. The vegetative growth was proportionately dwarfed. 


EXPERIMENTS AT OTHER STATIONS, 1922. 


PuysicaL Factors. 
WatTeR RELATIONS. 


Studies were continued during 1922 at the series of edaphic stations at 
Lincoln, and at Nebraska City and Colorado Springs. The general conditions 
of precipitation at Lincoln have already been given. The season at Nebraska 
City was one marked by June and August drought. April precipitation was 
nearly normal, May showed a deficiency of 1 inch, June of 2.6 inches, and, 
although July had an excess of 3 inches, August had a rainfall of only 0.7 
inch instead of the normal 3 inches (fig. 18). Drought periods occurred on 
April 11 to 30, May 6 to 20, May 25 to June 10, and June 11 to 25. The 
water-content in excess of the hygroscopic coefficient at Nebraska City and 
Lincoln low prairie is given in table 34, where that of the high prairie is added 
for purposes of comparison. A study of the table shows that notwithstanding 
the decreased rainfall, the soil at Nebraska City usually had a margin of at 
least 8 per cent chresard below the first foot of soil. Exceptions to this 
occurred after the first week in June and again in August. However, the 
chresard in the surface foot, which most critically affects seedlings, was 
practically exhausted on June 17, and was very low on August 17, as well as 
at certain other periods. As a whole, the holard was less favorable than 
during 1921. 

Water-content on the low prairie was more favorable than that at Nebraska 
City and considerably in excess of that on the high prairie. At no time was 
there a margin of less than 7 per cent available at any level, and it was usually 
10 to 12 per cent. Conditions on the gravel-knoll were much less favorable 
than during the preceding year, as was evidenced by the drying of the grama 
grasses during a drought when no water was available in the first 2 feet 
of soil. 

The average daily evaporation at Nebraska City was considerably lower 
than on the high prairie at Lincoln. During the 4 months (last half of May, 
June, July, and August) the average daily rates were as follows: 12.4 and 15.1, 
18.4 and 29, 12.7 and 13.5, 14.4 and 20.2 c. c. respectively. Isolated humidity 
readings taken from time to time and compared with the hygrograph record 
at Lincoln for the same hour showed conditions not greatly different from 
from those of the preceding year. 
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TaBLE 34.—Holard in excess of hygroscopic coefficient in 1922. 
Hicu Pratrig. 


Date 0to0.5/0.5to1)} 1to2 2to3 3 to 4 
foot. foot. feet. feet. feet. 
ADT ras Ui onve ceteris « 15.3 15.8 14.7 10.9 9.1 
NUE R PNR Wea ae Se LORE 13.7 15.3 Bri ete Be 
ING go Wile eigen ay a ee 20.0 131 14.1 1201 ene 
JUNCM Rist eee 6.4 11.2 10.9 Miri aes 
Abbas Fee ee ley 6.8 LARS 10.5 8.4 6.6 
PUNY 22 a- weeeete oees 3.9 6.3 LEY iene hs 
Pull yams Oe erase eee arf 4.7 8.9 8.0 5.4 
Rl yew Serer ete. ees 17.8 ts le 8.1 
Afi) aid SAO hE Ae nro 16.4 10.7 6.2 
AS Nie SAE ve eaves Coe ern 212 14.7 ald) Miheke 
ATG ele rae cate neets 8.2 LOR 7.4 8.0 6.0 
JAN oil Ol erin ec 5.6 6.2 7.4 aerate 
PGW Fg cl ake siren paren 0.9 1.8 0.8 secs 
ANI BAS eae. Roe ee 3.2 5.4 ayeal TL 5.3 
Hygroscopic coeff... . 9.8 10.9 LOnt 10.0 10.3 


Low PRatrig. 


ADT OU hs sasha see sent 18.4 10.4 20.6 12.5 18.2 

IVE ayy Si emcee ox oer one 13.4 16.1 17.0 17.0 17.6 

(Mia Varo leper ese ce wepemnee PX S/f 21.3 18.7 stomege Rane 

Gibbels)” Vig Oman oe Same 13.2 14.6 15.2 ae Sate 

June At ae rea 10.7 13.8 15.1 13.8 19.0 

DUNO C22 eee seat tke oe 6.9 9.4 15.4 aetacs 

PUNEGS29) oe coretena-caas 21.9 10.2 11.0 era erates 

Sul yaer Oren ser ere 13.4 8.0 6.8 12.8 16.6 

ily Wl Sica wesc 28.1 16.8 TS 

Ul hie: PAN aes So oe 26.3 Pati 11.2 

OMe ein eee ces 30.6 28.7 15.3 ae 

RTE eS cate Arai trer: 17.5 14.6 11.8 ipsa 15.9 

AUS LOR a. 6 sein eee 10.2 15.8 13.7 

VAN dts Ws cher Oe oe 7.9 9.8 LO Seeds 

AUS oh ee eee Tests) 6.8 iat 11.8 15.9 

Hygroscopic coeff....} 10.0 9.6 9.2 iy 10.8 
NEBRASKA City. 

INDY ceo gee etree 17.9 19.3 18.3 15.0 13.3 

Mayil3itihis seen. 8.7 16.2 17.4 14.4 13.2 

IME a vie 2 Oreo nectercucoe isis 4.4 11.0 16.1 APC 

DUNC O hase aes 18.4 18.8 17.0 15.0 14.3 

DUDCULO Wa cesroueye eave 4.3 9.4 12.3 mente 
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PLANTING RESULTS. 
Surrace Sowi1na. 


Of typical grasses and forbs, 19 species were sown on the surface of the 
low prairie on April 20, 1922; unlike the high prairie and gravel-knoll, this 
area had not been burned. A dense tangle of grass-leaves and flower-stalks 
covered the ground and formed a loose mulch to a depth varying from 2 to 4 
inches. This not only greatly affected the light relations, but also the air was 
of much higher humidity and lower temperature below the mulch, and the 
soil was cooler. For example, at 2 p. m. on a clear day (May 28) an average 
of four thermometer readings at a depth of an inch under the mulch gave a 
temperature of 68° F., while that at a similar depth in denuded quadrats was 
95° F. 

Under these conditions the plants germinated slowly, Desmodium canescens, 
Inatris punctata and scariosa, and Petalostemon candidus alone appearing above 
ground by May 17. Moreover, by May 26 the new growth of the dominants 
was 10 to 15 inches tall, so that light relations played an exceedingly important 
réle from the first. However, only 3 species, Aster multiflorus, Ratibida colum- 
naris, and Solidago missouriensis, failed to germinate. Weak plants of 
Amorpha canescens, Onagra biennis, and Sporobolus asper lasted only until the 
middle of June, and Kuhnia glutinosa, Liatris scariosa and punctata, and 
Lespedeza capitata died within the next 30 days, all showing the effects of 
shading. Boutelowa hirsuta succumbed by August and B. gracilis, B. racemosa, 
Desmodium canescens, and Elymus canadensis during this month. This left 
remnants of Aristida purpurea and Andropogon nutans, as well as rather good 
growths of Andropogon furcatus and Petalostemon candidus. The total mor- 
tality was 75 per cent during the first summer. The severe competition for 
light on the low prairie was chiefly responsible for this; by June 7 the surface 
and trench plantings were already badly shaded, while by June 22 the general 
grass level was 18 inches; by September 1, that of the foliage reached over 2 
feet and the flower-stalks 48 inches. In the part of the area unmown since 
1919, growth was even greater. 

On the surface at Nebraska City, 20 species were sown on April 22. Spring 
opened late and the soil was in excellent condition as regards holard. Nine 
species were above ground by May 13. Aster multiflorus, Bouteloua gracilis, 
Lespedeza capitata, Onagra biennis, Solidago missouriensis, and Sporobolus 
cryptandrus failed to germinate. By June 21, most of the plants were badly 
wilted and Liatris scartosa and Pinus ponderosa had succumbed. Robinia 
pseudacacia died in July, Agropyrum glaucum and Petalostemon candidus by 
August, while Amorpha canescens and Ratibida columnaris were found dead 
on August 31. Only 50 per cent survived. These included slender, delicate 
specimens of Andropogon nutans, A. furcatus, Bouteloua hirsuta, B. racemosa, 
Elymus canadensis, Kuhnia glutinosa, and Liatris punctata. A similar lot of 
seeds was sown on the surface at Colorado Springs on May 5, but these, like 
those planted in the trench and denuded quadrats, showed no germination 
when examined on May 25 and again on July 4, owing to unfavorable holard. 

As regards the 1921 surface sowings, it may be recalled that none survived, 
owing to the dense shade. At Nebraska City, Bouteloua gracilis and B. 
hirsuta alone were represented by delicate seedlings at the end of the first 


¢ 
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season. However, they held out during the summer of 1922, although very 
much attenuated. During 1922 they were still very slender and delicate, but 
they survived this third season of growth, although densely shaded, indicating 
an unexpectedly high tolerance of shade for the short-grasses. 


TRENCH SOWING. 


Seeds of 20 species were planted in a trench on the low prairie on April 20. 
Amorpha canescens, Aster multiflorus, Onagra biennis, Ratibida columnaris, 
Sporobolus asper, and Solidago missouriensis did not germinate. Nearly all 
of the others grew in considerable abundance, except Bouteloua hirsuta and 
Liatris punctata, which were represented by a few plants each, all dying before 
the end of June. The others did quite well during the rainy month of July, 
Inatris scariosa, Lespedeza capitata, and Muhlenbergia pungens disappearing 
by August. Nine species (64 per cent of those that germinated) became 
permanently established, and although slender were in fairly good condition 
at the end of the summer. 

A similar lot of seeds, representing 21 species, was planted in a trench in 
subclimax prairie on April 22. Eight species, including 3 which grew at 
Lincoln, failed of germination. Agropyrwm glaucum, Muhlenbergia pungens, 
Petalostemon candidus, and Pinus ponderosa died before June 20, the last 
having been dug up by rodents. Andropogon nutans, A. furcatus, Liatris 
scarvosa and punctata died before the middle of July, and Elymus canadensis 
in August. This left a few weak plants each of Bouteloua racemosa, Kuhnia 
glutinosa, and Robinia pseudacacia, but a good sod of Andropogon nutans 7 to 
9 inches high. 

Of the 1921 trench plantings on the low prairie, remnants of Aristida 
purpurea alone survived the first season, and these were accidentally destroyed 
the next spring in transplanting. At Nebraska City, Andropogon nutans 
alone was alive the following spring. In 1922 it reached a height of 13 inches, 
and did quite as well the next season, but it failed to blossom. On the gravel- 
knoll, Andropogon nutans alone survived, but although it grew well early the 
next spring, it died the following June. 


DENUDED QUADRATS. 


On April 20, 27 species were sown in denuded quadrats on the low prairie. 
Five did not germinate. These belonged to different species from those 
failing of germination in the trench, and included Brauneria pallida, Corylus 
americana, Fraxinus lanceolata, Gleditsia triacanthus, and Ratibida columnaris. 
During the June drought, Agropyrum, Aristida, Aster, Lespedeza, Liatris 
punctata, and Solidago succumbed; Elymus, Muhlenbergia, and Ulmus also 
died before August 1. This gave a mortality of 40 per cent, though most of 
the survivors were in good condition at the end of the summer. 

Among 32 species planted at Nebraska City, 10 did not germinate. Muhl- 
enbergia and Petalostemon died before June and the following as a result of 
the June drought: Acer saccharinum, Aristida, Liatris scariosa and punctata, 
Ratibida, and Ulmus. Later, Agropyrum and Lespedeza were lost, giving a 
total mortality of 46 per cent. Among the survivors were 4 species of trees 
(two of which, Acer negundo and Gleditsia triacanthus, were in fine condition), 
2 forbs, and 6 grasses. In general, they were in good condition. By the 
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end of August the average height-level of the grassy vegetation was 16 
inches, shade being dense over most of the quadrats. However, very little 
invasion had occurred. 

As to the denuded quadrats planted in 1921, 10 of the 12 species that grew 
on the low prairie survived the first summer. Acer negundo, A. saccharinum, 
and Lespedeza capitata failed to grow the following spring, and Elymus died 
in June, as did also Bouteloua gracilis, perhaps as a result of the surface 
soil washing away from the roots. All of the others except Corylus ameri- 
cana made a good growth, the latter being badly eaten by grasshoppers. All 
were densely shaded and none flowered. Corylus did not survive the dry 
fall and winter following, while Aristida died during the summer of 
1923, evidently being unable to longer endure the dense shade. At the end of 
the summer Sporobolus was represented by remnants only. Symphoricarpus 
made only a fair growth, while Andropogon nutans alone developed normally, 
reached a height of 25 to 30 inches and merged into the native sod. 

At Nebraska City only 8 of the 15 species that grew survived the first 
summer. Gleditsia and Robinia failed to appear in the spring of 1922 and 
Calamovilfa died early in June. All of the other species made a good growth, 
Andropogon merging into the native sod. None of the quadrats were much 
invaded. No flower-stalks were produced by any of the plants. In 1923 the 
6 remaining species all did quite well, several of them seeding rather abun- 
dantly. 

On the gravel-knoll, 40 per cent of the species that grew survived the first 
season. During 1922 some of the Lespedeza seeds, sown the preceding 
spring, germinated, but these and the few feeble shoots from Symphori- 
carpus rhizomes were all dead by midsummer. Aristida and Elymus both 
seeded, but, like Andropogon, suffered severely from the August drought. 
During the following dry fall and winter Elymus died, but in 1923 both Aris- 
tida and Andropogon made.a good growth and seeded. 


SEEDLING TRANSPLANTS. 


Seedlings were transplanted both on the low prairie and at Nebraska City, 
22 pots containing 18 species being used in growing the plants for each station. 
The transplanting was done at Lincoln on May 17. One lot of Agropyrum 
died in June and another in July, together with Elymus, Koeleria, Liatris, and 
Stipa spartea; Ratibida, Kuhnia, Argemone, Onagra, and Psoralea succumbed 
in August, making a total loss of 55 per cent. Most of the survivors came 
through the season in good condition, owing to the adequate water-content 
even during the August drought. 

At Nebraska City, Agropyrum, Koeleria, Lespedeza, Solidago, and Strpa viri- 
dula died before the end of June. Three others failed in July, viz, Aristida, 
Glycyrrhiza, and Liatris, and August added Psoralea to the list, making a 
total of 41 per cent. Most of the survivors grew well, Bouteloua hirsuta 
putting forth flower-stalks. 

To complete the history of the 1921 seedling transplants, only 14 per cent 
survived on the gravel-knoll, constituted by Bouteloua hirsuta and Andro- 
pogon nutans. During 1922 these made only a poor vegetative growth, fre- 
quently wilting, and did not put forth flower-stalks. By August 1923 they 
had reached a height of 8 inches, neither coming into blossom. 
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On the low prairie a single species died the first season, but by the next 
spring Aristida purpurea and Liatris scariosa were dead and Boutelowa race- 
mosa was represented by a single plant which died in June. ‘The rest 
made a fair to excellent growth, except Stipa comata. The shade was 
dense and Elymus canadensis alone grew above the general level and 
headed at 35 inches. No others blossomed. 

During the summer of 1923 the following species were so deeply shaded 
that they died: Bouteloua hirsuta, B. gracilis, Liatris punctata, Stipa viridula, 
and S. comata. Elymus headed at about 3 feet and Stipa spartea seeded at 
2 feet, but neither Andropogon nutans, which did poorly, nor A. furcatus 
showed signs of flower-stalks by the last of August. 


TABLE 35.—Growth of species in cultivated soil. 


Species. Degree of development during first season. 
Agropyrum glaucum..... Good growth of foliage; maximum 2 feet; no flower-stalks. 
Andropogon furecatus..... Fine bunches; foliage 18 in.; a few flower-stalks 36 to 38 in. 

halle ecwcs: Foliage 16 in.; flower-stalks 30 in. (cf. plate 12 c). 
MUbans eee Excellent growth; 20 in., seeding abundantly at 3 to 4.5 feet. 
Aristida purpurea........ Large bunches; foliage 11 in.; flower-stalks 18 in. 
Bouteloua gracilis........ Dense growth; leaves 14 in.; flowering profusely at 15 to 22 in. 
ITSUta ee meas Leaves 10 in.; flower-stalks appearing Aug. 8; later 12 in. tall; 
abundant. 
racemosa...... Good growth; ave. height 13 in.; flower-stalks 3 to 3.5 feet. 
Calamovilfa longifolia. ...| Foliage 16 in.; no flower-stalks. 
Desmodium canescens... .| Flower-stalk appearing July 10; fruited abundantly at 5 feet 
(ef. plate 14 B). 
Elymus canadensis....... Foliage 2 feet; flower-stalks 4 to 5 feet; very large heads. 
Kuhnia glutinosa........ 34 in. tall; fruiting abundantly. 
Lespedeza capitata....... Fine plants, 20 to 24 in.; seeded abundantly. 
Whiatris:scariosa se. ee 3 to 6 in.; many leaves per plant. 
Muhlenbergia pungens....| 9 in.; flowered and seeded profusely at 14 to 16 in. 
Onagrasbionnisa: 9s. One rosette 28 in. in diameter; many smaller ones; many had 
flower-stalks 5 to 5.5 feet tall; blossomed. Ff 
Panicum virgatum....... Average height foliage 29 in.; seeded abundantly at 3 to 3.5 feet. 
Petalostemon candidus...}| Excellent growth; very much bunched stems, 8 to 12 in. tall. 
Pinus ponderosa......... Five plants, 4 to 5 in. tall. 
Robinia pseudacacia......| Stems nearly an inch in diameter and 7.5 feet tall. 
Sporobolus asper......... 9 in. tall; flower-stalks 14 to 16 in.; seeded profusely. 
Stipanvaridulance.cs eee Foliage about 16 in. tall; maximum 26 in.; no flower-stalks. 


At Nebraska City, 6 of the 13 species of seedlings died the first summer : 
Regardless of this heavy mortality, all the species survived the summer of 
1922, notwithstanding the drought. However, all suffered more or less 
severely in late summer, Stipa comata being represented by remnants only at 
the end of the season. Bouteloua hirsuta and B. gracilis alone blossomed. 
The seedling area, although quite shaded by the adjacent vegetation, was not 
much invaded. 

In 1923, Stipa comata became badly invaded and died. All the others made 
a good growth. 

EFFECT OF CoMPETITION. 


In order to determine the effects of competition upon the development of 
the species investigated, many of them were grown in a cultivated area at 


Lincoln, kept free from weeds by hoeing, and watered from time to time 
(table 35). 
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The fine growth made in a single season by these species is in striking con- 
trast to that under even the most favorable method of planting in the grass- 
land and emphasizes the striking effect that competition plays in limiting 
plant development under natural conditions. Plants growing for a second 
year under cultivation made no less remarkable growth. Bouteloua gracilis 
had an average height of foliage of 19 inches, spread 15 inches on either side 
of the trench, and some of the flower-stalks were 32 inches tall. Agropyrum 
glaucum was 29 inches tall, with a maximum height of 44 inches, and had 
spread 6 feet by rhizome propagation. A single plant of Onagra biennis had 
3 stems which reached a height of 7 feet and 12 others of lesser height, all 
from the same rosette (plate 14). 


SUMMARY. 


A summary of planting experiments is given in table 36, where for purposes 
of comparison the high prairie is included. The germination of surface- 
sown seed was not greatly different at the three stations (70 to 84 per cent), 


TaBie 36.—Summary of planting experiments, 1922. 


Per cent of establishment of 


Per cent of germination. : : 
germinated species. 


Method of 
seeding. 
High Low Nebraska High Low Nebraska 
prairie. prairie. City. prairie. prairie. City. 

Surface sowing...... 82 84 70 50 25 50 
Menenels scr cio coskecens 70 60 62 63 64 33 
Denuded quadrat.... 71 81 69 ie 60 54 

Average........ 74 065) 67 62 50 46 
Needlinos,. 50.5. c:5. ate pe cos | 70 45 59 


that on the low prairie being highest. Germination in denuded quadrats was 
also about 10 per cent greater on the low prairie than elsewhere, Nebraska 
City ranking third. Averaging the results of the three methods, 75 per cent 
germination occurred on low prairie, 1 per cent less on high prairie, and 8 per 
cent less at Nebraska City. 

Because of the effect of the luxuriant vegetation of the low prairie in reduc- 
ing the light intensity, a factor which quite outweighed the higher water- 
content, establishment averaged lower here (50 per cent) than on high prairie 
(62 per cent) and was least at Nebraska City (46 per cent). The last fact can be 
directly correlated with drought, especially when it is recalled that the surface 
sowing at Lincoln was watered. Similar conditions hold for the seedling trans- 
plants. A survey of the data shows clearly that while surface sowing gave the 
greatest per cent of germination, the best establishment occurred in the 
denuded quadrats. Compared with the western stations, both the per cent 
of germination and establishment averaged higher. 


Sop TRANSPLANTS. 


Twenty-eight blocks of soil, comprising 25 species, were transplanted from 
the several habitats about Lincoln into the low prairie on March 22. These 
included 11 subdominant forbs, as well as all of the most important grasses. 
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Agropyrum glaucum grew poorly, not attaining a height greater than 11 
inches and failing to flower. Astragalus crassicarpus, Brauneria pallida, 
and Psoralea tenuiflora floribunda, all provided with strong tap-roots neces- 
sarily cut off in transplanting, languished and died within a few weeks. All 
of the rest, however, came through the season in good condition, 75 per 
cent of the dicotyls and 50 per cent of the grasses flowering. 

A lot of sods, including 11 species from Arizona, were transplanted into 
low prairie early in May. The blocks were very small, being only 3 or 4 inches 
in diameter, and it seems probable some were dead when transplanted. In 
spite of sufficient watering the following did not grow: Aristida divaricata, A. 
purpurea, Bouteloua eriopoda, B. hirsuta, B. racemosa, Hilaria mutica, H. cen- 
chroides, Sporobolus wrightt, and Valota saccharata. Andropogon saccha- 
roides put forth 3 green shoots, which reached a height of 11 inches before 
they died in August. Bouteloua bromoides and Hilaria cenchroides formed 
good clumps 5 to 8 inches high, the former bearing flower-stalks 8 to 13 
inches tall. However, both were winterkilled, notwithstanding the fact that 
they were well covered with a mulch of dead grasses. The following species 
from Arizona were also transplanted into high prairie at the same time: 
Aristida divaricata, A. purpurea, Bouteloua eriopoda, B. bromoides, B. hirsuta 
(all of which died promptly), and Hzlaria cenchroides. The last made a 
sparse growth, reaching a height of 8 to 10 inches in August, but died under 
a mulch during the following winter. 

Sod of 14 species of grasses from both high and low prairie were trans- 
planted into the salt-flat near the low-prairie station late in March. Andro- 
pogon nutans, A. furcatus, Panicum virgatum, and Sporobolus asper did very 
poorly, making only a sparse growth, yellowing and wilting from time to time. 
By June 22 not only this lot of transplants, but also those of previous years 
were in very poor condition. Large cracks occurred around most of the blocks 
of sods and some were almost dried out. Shading played rather an unim- 
portant rdle, since the height of the Distichlis was only 18 inches. Sporo- 
bolus died late in July, and the others made a fair to poor growth only. 
Nearly all were more or less dwarfed and of a light-green color, and the 
inflorescences were often reduced. In fact, only 5 species (36 per cent) 
seeded; these were Bulbilis dactyloides, Bouteloua gracilis, Elymus canaden- 
sis, Koeleria cristata, and Stipa spartea. 

On April 5, 14 species were transplanted into the former swamp area. 
Silting up since the building of a dam, as well as the enormous losses by 
transpiration from the rank growth of vegetation, had decreased the water- 
content. On June 7 the holard at any depth did not exceed 22 per cent, which 
was the amount in the surface 6 inches; by June 22 it had fallen to 15 per 
cent or less in the surface 2 feet. It seems evident that there was no excess 
moisture or deficient aeration and that light was the controlling factor. By 
May 6, Spartina was 8 to 10 inches tall, and it had reached a level of 32 inches 
by the middle of June. In August a rank growth of Spartina, Phalaris, etc., 
4 feet tall, covered the area; light readings at this time gave values of 1.5 to 
11 per cent. Andropogon furcatus, A. scoparius, and Panicum virgatum, al- 
though starting out well, were badly invaded by the swamp dominants and 
died by the middle of July, as did Andropogon nutans later in the summer. 
All suffered severely from shading, as was evidenced by the attenuated leaves 
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and slender flower-stalks of the 5 species that blossomed, viz, Agropyrum, 
Bulbilis, Elymus, Koeleria, and Stipa. The species of the following genera 
came through the season in fair to good condition: Agropyrum, Bulbilis, 
Elymus, Koeleria, Spartina, and Stipa. Bouteloua gracilis, B. hirsuta, B. 
racemosa, and Sporobolus were in poor condition by autumn. 

Duplicate blocks of sods of the following species were shipped from Lincoln 
and transplanted at Colorado Springs on March 28: Andropogon scoparius, 
A. furcatus, A. nutans, Elymus canadensis, Sporobolus asper, Stipa spartea, 
Koeleria cristata, Bouteloua racemosa, B. gracilis, B. hirsuta, Bulbilis dacty- 
loides, Panicum virgatum, Spartina cynosuroides, and Agropyrum glaucum. 
All were growing vigorously on May 21, but were considerably eaten by 
grasshoppers and doing rather poorly by July 4. A final check on August 24 
showed that Bulbilis dactyloides alone had blossomed, and no flower-stalks 
were appearing on any of the other species. Sporobolus asper had died, and 
Elymus, Andropogon furcatus, and B. racemosa were eaten back to mere rem- 
nants. ‘Triplicate sods of Stipa viridula, Muhlenbergia gracilis, M. gracillima, 
and Sporobolus cryptandrus were shipped from Colorado Springs and trans- 
planted in the cultivated plats at Lincoln on June 22. The sods were very 
small and the plants died in spite of ample watering. 

Large duplicate blocks of sods were shipped from Lincoln to Berkeley, 
California, which has an average rainfall of 24 inches, occurring chiefly in 
the winter months, and a long dry season in summer and autumn. These 
were transplanted on December 4 (1921), the species employed being Andro- 
- pogon scoparius, A. furcatus, A. nutans, Elymus canadensis, Stipa spartea, 
Koeleria cristata, Bouteloua racemosa, and Bulbilis dactyloides. The sods were 
set on a dry west exposure in a heavy clay soil covered chiefly with introduced 
weeds, such as Avena fatua, Brassica campestris, and Raphanus sativus. 
Owing to an abundance of rain, conditions at the time of transplanting were 
very favorable for growth. The original vegetation was bunch-grass prairie 
composed mostly of Stipa setigera, as indicated by the relicts of this. Some 
attention was given the sods in 1921 and 1922, at first a little water, and then 
occasional removal of the competing weeds. Most of the grasses did not 
survive the first dry season, but Elymus canadensis made a good growth. 
Bulbilis dactyloides persisted for a time, and Poa pratensis spread at first, 
but succumbed when water was withheld. Even Elymus was unable to sur- 
‘vive the exceptionally dry spring and summer of 1923, and the plot was 
finally destroyed by the great fire of September 1923. The failure of the 
grasses to establish themselves was due chiefly to inability to pass the long 
dry seasons and to competition as a contributing factor, but the experiment 
was on too small a scale to justify the conclusion that none of the species 
could be established. 

A number of grasses from the Santa Rita Reserve near Tucson, Arizona, 
were planted under the same conditions at Berkeley. The sods were set 
April 3, 1921, and comprised Andropogon saccharoides, A. contortus, Aristida 
divaricata, A. purpurea, Bouteloua bromoides, B. hirsuta; B. racemosa, B. roth- 
rocki, B. eriopoda, Hilaria cenchroides, H. mutica, and Sporobolus wrightt. 
All of these made some growth in 1921, but by the autumn of 1923 all had 
succumbed except the following: Andropogon saccharoides grew vigorously 
in 1922, reaching a height of 4 feet, flowered, and set seed abundantly; in 1923 
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the 3 plants were growing and flowering, with a slight tendency to increase 
but not spreading over the ground, and no seedlings were noticed; Hilaria 
mutica made an attempt to establish itself and 1 of the 3 tufts was still living; 
Aristida divaricata was in the same condition as the Hilaria; Bouteloua bro- 
moides made a good start and flowered in 1922, but disappeared during the 
long dry summer of 1923; Sporobolus wrighti grew each season, and although 
it did not spread, was holding its own, even against the weedy grasses with 
which it had to compete during the spring and early summer. It is instruc- 
tive to note that the grasses from the desert plains grew better than those 
from the true prairies, a fact readily explained by the greater similarity in 
climate and climax between Arizona and California. 


5. EXPERIMENTS DURING 1923. 


DEVELOPMENT OF SEEDLINGS AND TRANSPLANTS. 
It remains only to trace the history of the 1922 plantings through the period 
from September 1922 to the end of the summer of 1923. 
Puysicau Factors. 
Water RELATIONS. 


The fall and winter of 1922 constituted a period of great drought. Some 
idea of its intensity may be gained by an examination of the rainfall data in 
table 37. 

TABLE 37.—Precipitation from August 1922 to August 1928. 


Burlington. Phillipsburg. Lincoln. 

Departure Departure Departure 

Total from mean. Total. from méan. Total from mean. 
PAUDUSE o.:5 os 3h 3.04 +0.50 i als} —1.77 0.69 
September.... 0.16 —1.23 0.94 —1.58 212 
October. ..... 0.18 —0.75 0.44 —1.04 1.42 
November.... 1.44 +1.01 0.40 —0.28 2.62 
December.... 0.00 —0.63 0.00 —0.82 0.06 
BODUATY. «=: 0.00 —0.26 0.00 —0.44 0.14 
February..... 0.10 —0.36 0.16 —0.65 0.66 
IVFarchw 4). 0.36 —0.47 Bsa! +0.52 (Ue 
PAC OIE ee is Seatktass 1.66 —0.40 3.40 +1.07 2721 
IVA Rn. «ove 8 30) No report. aes 7.86 +4.85 3.31 
ROR ret, os.c.). 3.03 +0.26 4.94 +1.03 54715 
Ml Vente. ce ls 4.33 +1.56 2no4: —0.62 1.88 
AU USE .hciees Hic 4.89 +2.30 1.85 —0.95 5.50 


Although Burlington had an excess of 0.5 inch in August, drought at the 
other stations began during this month. Precipitation was below normal 
at Burlington (except during November) until May, and the same was true 
at Lincoln until June, except a slight excess in March, while at Phillipsburg 
it was exceedingly low until March. However, it should be noted that the 
spring and summer rainfall was high at the western stations, although below 
normal at Lincoln during April and May and again in July. The season was 
one which promoted excellent growth. Not only was the rainfall generally 
above normal, but the rains were also well distributed, drought periods west- 
ward being fewer and shorter than usual. This was indicated by the excellent 
growth of Bowtelowa gracilis, which reached a height of 12 to 18 inches at 
Burlington and also by the fact that the short-grasses remained green or dried 
only slightly throughout the entire summer. Conditions were slightly less 
favorable in August at Lincoln and at Phillipsburg, where the three grama 
grasses ripened seed. On the whole, vegetation grew well at Lincoln, the 
grasses on the gravel-knoll remaining green all summer. An examination of 
the chresard taken at intervals in the various stations (table 38) is illuminating 
in this connection. 

The very low water-content on the high prairie in October is remarkable; 
on the gravel-knoll practically no water was available to 4 feet, and it was not 
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high even on low prairie. By March 1 a good water-content was found at 
both prairie stations and available moisture to the amount of 3 to 7 per cent 
was present throughout the season. The adequate holard in the surface layers 
at Burlington during July and August was very unusual. At Phillipsburg, as 
already indicated, it was drier in August. Because of the drought of autumn 
and late winter, many species under all methods of planting and transplanting 
were killed (table 39). 


TaBLE 38.—Holard in excess of hygroscopic coefficient at the several stations, 1923 (unless 
otherwise indicated). 


Depth in feet. 
Station. Date. 

0 to 0.5 | 0.5 to 1 | 1 to 2 2 to 3 3 to 4 

Lincoln: 
igh prairiowaeneeieer Oct. 27, 1922 1.8 Bere 3.0 2.8 3.8 
dD YOK ar abbot ee Mar. 1 18.1 18.3 1221 10.7 Hoe 
DO a Hooke tee June 2 10.4 16.6 16.7 11.5 8.2 
DDO beac ak oeectie ce July 23 3.0 4.3 5.4 Beil Theis 
ED OFM asst Mensur eee Aug. 3 4.2 5A 5.0 6.4 8.2 
D Onecare ees Aug. 23 1205 16.4 6.3 Tho 8.7 
Gravel-knoll.......... Oct.) 27 —1.5 10) —0.8 133 S37 
Oren Me tree rae anaes June 2 —0.6 1.0 Saul 9.8 7.6 
UnIM ebONG eee eee eee July 6 0.4 —0.7 On 0.8 —0.6 
Oris tas SRM Oe ae monn ee July 19 10.0 0.0 —0.3 —0.2 —0.2 
Osc meres Rare inate te ecole Aug. 21 5.8 4.5 —0.2 —0.7 —0.6 
Phillipsburg ss. essa s aes ee June 20 3 Ni 3 13.3 Abilene 1256 11.9 
Os Faw Go Deo ee Aug. 22 —0.6 1.5 0.7 1.6 5.6 
INGOMASKG oscar ees May 27 20.9 20.0 ese 13.9 UBT 
1D YO Sat para ee eae aeee Aug. 28 Dot 20.0 9.5 6.7 Wert 

Lincoln: 
WOW DUSITIC sree era Oct. 27 3.5 5.8 622 8.3 13.2 
Oana rast Mar. 1 22.4 PAGAL 11.8 Wl. 16.4 
dB Yoveratenrarenna emcee Aug. 23 11.4 18.4 13.4 8.0 14.0 


SURVIVAL RESULTS. 


An examination of the data in table 39 reveals a number of interesting facts, 
the two most important of which are as follows: Losses at the three major 
climatic stations were greatest at Burlington, intermediate at Phillipsburg, 
and least at Lincoln. The losses at all stations averaged highest for the 
plants of a single year’s establishment, next for those 2 years old, and least 
for those established for 3 seasons. With a single exception, survival was 
greatest at all 3 stations under the method of denuded quadrats, this even 
exceeding that of transplanting blocks of sods. Surface sowing gave the 
lowest survival. 

Survival on the low prairie and at Nebraska City was very similar, following 
the sequence stated above as regards length of establishment. Except for 
1920 (when all averages were very high) it exceeded that on the high prairie at 
Lincoln, and naturally that at the western stations. Survival on the gravel- 
knoll of species grown for at least two summers was remarkably high, though 
few species were concerned, with the exception of sod transplants. 
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SuRFACE Sowina. 


Nine of the 18 species that germinated on the surface of the high prairie 
at Lincoln died by the end of August. Because of the exceedingly dry 
autumn and winter, 6 species were winterkilled, leaving only 33 per cent of 
the survivors of the first summer. Petalostemon candidus had only two very 
delicate plants 3 to 5 inches tall by autumn, but Andropogon furcatus and A. 
nutans had both made a good growth, reaching a height of 10 or 12 inches. 


TaBLE 39.—Comparative survival at the different stations during fall and winter of 1922-23. 


Lincoln, ih ‘ Lincoln, 
Method of planting. high Eee: Burling- Method of planting. low Nebr aska) Gravel- 
re urg. ton. aoe City. knoll. 
prairie. prairie. 
1920. 1920. 
Surface sowing... . ate ks 100 Surface sowing... . ass ere Pai 
Trench planting... 100 100 foes Trench planting eee: 100 100 Set 
Denuded quadrats. 100 100 100 Denuded quadrats. 100 88 ake 
Seedlings......... aa er 60 Seedlings......... Ans Ata ioe 
Sod transplants... . 94 hes 52 Sod transplants.... 79 Pises 94 
Average...... 98 100 84 Average...... 93 94 94 
1921. 1921. 
Surface sowing.... ae 50 a5 Surface sowing.... yan 100 Sieve 
Trench planting... 100 50 = Trench planting... tae 100 vets 
Denuded quadrats. 100 100 50 Denuded quadrats. 80 100 67 
Seedlings........, 60 68 on Seedlings......... 100 88 100 
Sod transplants... . 94 ie 63 Sod transplants.... 100 wake 100 
Average. 89 72 57 Average...... 93 97 89 
1922. 1922. 
Surface sowing... . 33 38 He Surface sowing... . 17 57 
Trench planting... 40 50 0 Trench planting. . . 78 50 
Denuded quadrats. 78 72 22 Denuded quadrats. 85 75 
Seedlings......... 79 50 20 Seedlings......... 70 85 
Sod transplants... . 86 ate 17 Sod transplants... . 80 ie 
Average...... 63 53 15 Average...... 66 67 


In the mixed prairie at Phillipsburg, 8 species, 4 of which were in very poor 
condition, survived the first season. Andropogon nutans, A. furcatus, Des- 
modium canescens, Elymus canadensis, and Kuhnia glutinosa were winter- 
killed, leaving only the 3 species of Bouteloua. None of these had seeded 
by the following August, but all were in fair condition, having reached 
heights of 4 to 8 inches. None of the surface-sown plants survived the 
summer at Burlington. 


TRENCH SowING. 


Of the species sown in a trench on the high prairie, 63 per cent lived through 
the first season, most of them being badly dried out late in August; 5 of the 10 
did not grow the next spring, viz, Andropogon furcatus, Aristida purpurea, 
Elymus canadensis, Liatris scariosa, and Robinia pseudacacia. Andropogon 
nutans and Pinus ponderosa had succumbed by August of 1923, leaving only 
several fine clumps of Bouteloua racemosa and 4 good plants of Desmodium 
canescens, each about 8 inches tall. Plants in the trench at Phillipsburg were 
represented in the fall of 1922 by Andropogon nutans and Bouteloua racemosa 
only. The last was winterkilled, while Andropogon was represented by very 
much attenuated plants 8 inches tall, the shade being very dense again during 
1923. At Burlington, Andropogon nutans alone survived the summer, but it 
died the following fall or winter. 
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DENUDED QUADRATS. 


Of the 25 species that grew in the denuded quadrats on the high prairie, 
18 survived the first summer. Of these, Aristida purpurea, Desmodium 
canescens, Onagra biennis, and Pinus ponderosa succumbed by spring. Andro- 
pogon scoparius and Muhlenbergia pungens, which were represented by a single 
clump each, died before September 1923. Acer saccharinum was killed back 
to within 6 inches of the soil, 16 of the trees dying ; however, like all the other 
species, they made a good growth during the summer. Exceptions to this 
were Bouteloua gracilis, Sporobolus asper, and Robinia pseudacacia, which did 
poorly. None of the species blossomed. The quadrats were only slightly 
invaded. It is interesting that not only grasses and forbs, but also certain 
trees, survived the second summer. 

At Phillipsburg only half of the species that germinated in the denuded 
quadrats lived to the end of the first’ summer. Andropogon furcatus, 
Gleditsia triacanthus, and Acer saccharinum were winterkilled. Although all 
quadrats were densely shaded by a rank growth of Bouteloua gracilis 18 to 24 
inches high, the 8 remaining species all did well. Aristida purpurea failed to 
blossom, as did also Andropogon nutans and Panicum virgatum. The rest, 
viz, Bouteloua racemosa, B. gracilis, Sporobolus asper, and Petalostemon can- 
didus, seeded, the last at a height of 2 to 2.5 feet. At Burlington, 64 per cent 
survived in the denuded quadrats. Because of the very dry fall and winter 
that ensued, only 2 of the 9 species showed renewed growth the following 
spring.  Bouteloua gracilis formed excellent clumps and flowered profusely 
in 1923. Elymus canadensis, the other survivor, was represented by a 
single stalk which headed at 16 inches. 


SEEDLING TRANSPLANTS. 


Of the seedlings transplanted into high prairie in the spring of 1922, 
only 70 per cent survived, notwithstanding that they had been regularly 
watered throughout the summer. Of the 14 survivors, Elymus, Petalostemon, 
and Argemone were winterkilled. Onagra died during the following summer, 
but all of the others made a good growth, though none came into blossom. 
Of the 19 species of seedlings grown in the mixed prairie, 15 survived, 
but 8 of these were winterkilled. Although the rest made a good growth 
during the following summer, Boutelowa gracilis and Ratibida columnaris 
alone came into bloom. At Burlington only 5 of the 19 species trans- 
planted survived. All but one were winterkilled, viz, Sporobolus, Bouteloua 
racemosa, B. hirsuta, and Stipa viridula, Bouteloua gracilis alone surviving. 
This did fairly well in 1923, but produced no flower-stalks. 


EXPERIMENTS AT EDAPHIC STATIONS. 


SURVIVAL REsutts. 
Surrace Sowina. 


On the low prairie, owing to dense shading, only 25 per cent of the 1922 
surface-sown plants survived the first summer. Aristida, Andropogon 
furcatus, A. nutans, Bouteloua gracilis, B. racemosa, and Petalostemon candidus 
did not grow the following spring. Andropogon nutans alone survived, and at 
the end of the following summer the slender plants were a foot high. 
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At Nebraska City, 50 per cent of the species survived. Bouteloua hirsuta, 
Elymus canadensis, and Kuhnia glutinosa were winterkilled and Bouteloua 
racemosa died by the end of the next summer. Andropogon nutans, A. fur- 
catus, and Liatris punctata alone survived. In all cases the plants were very 
much attenuated and it seemed doubtful if they would ecize. 

TrEeNcH SowIne. 

As regards the trench plantings in the low prairie, 9 species, i. e., 64 per 
cent of those that germinated, grew throughout the first summer. Aristida 
and Kuhnia were winterkilled and Andropogon furcatus died the following 
summer. All the remaining species were very slender, Elymus and Petalo- 
stemon being represented in August by remnants only. Andropogon nutans, 
Bouteloua gracilis, B. racemosa, and Desmodium canescens, which made up 
the remainder, reached heights of 6 to 8 inches, but none seeded. Of the 21 
species planted in the Nebraska City trench, only 4 survived, and of these 
Kuhma glutinosa and Robinia pseudacacia were winterkilled. Andropogon 
nutans and Bouteloua racemosa were each represented by clumps of rather 
slender plants at the end of the following summer. 

DENUDED QUADRATS. 

On the low prairie at Lincoln, 60 per cent of the 1922 plantings in quadrats 
survived, Amorpha canescens and Onagra biennis alone succumbing dur- 
ing the following winter. At the end of August 1923, the following were in 
very poor condition, being represented by remnants only: Bouteloua gracilis, 
B. hirsuta, Sporobolus asper, and Acer saccharinum. The 7 remaining species, 
although somewhat slender, had made fair to good growth, but none seeded. 
At Nebraska City, 12 species survived the first summer. A fourth of these, 
including Andropogon furcatus, Desmodium, and Kuhnia were winterkilled, 
and Robinia pseudacacia died later. All of the remaining species made good 
growth, Andropogon nutans forming a dense sod. 

SEEDLING TRANSPLANTS. 

Of the species transplanted as seedlings into the low prairie, 45 per cent 
survived the first summer, but among these Stipa viridula, Petalostemon 
candidus, and Kuhnia were winterkilled. All the rest, including the 3 
gramas, Sporobolus, Desmodium, and Andropogon nutans, prospered until the 
end of the growing-season. 

At the Nebraska City station, 13 species (59 per cent) lived to the end of 
the first summer. Petalostemon and Ratibida were winterkilled. All 
of the others made a good growth because of the favorable season, with the 
exception of Onagra, which died in midsummer. 

SumMARY OF SURVIVAL. 

The fate of the 1922 plantings by the end of 1923 is shown in table 40. 

Under all methods of planting or transplanting, the survival at the end of 
the second season of growth was greatest at Lincoln, intermediate at Phillips- 
burg, and least at Burlington. Of the several methods of planting, survival 
in the trench was lowest and surface sowing next, while the denuded quadrats 
were only slightly more successful than the seedling transplants. The average 
survival on the low prairie at Lincoln was greater than at Nebraska City, 
but the latter was nearly equal to that on high prairie at Lincoln. On low 
prairie and at Nebraska City the success of the several. methods of seeding 
was in the same order as at the other stations, except that trench planting 
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outranked surface sowing. The average survival of the seedling transplants 
at these stations was less than on high prairie (where they were watered the 
first season), but exceeded that in mixed prairie. 

An examination of the species which gave the greatest percentage of sur- 
vival is of interest. As to surface sowing, Petalostemon, Andropogon nutans, 
and A. furcatus alone survived at Lincoln, and the three boutelouas at Phillips- 
burg, so far as the three major stations are concerned. However, Andropogon 
nutans survived in the two stations at Lincoln as well as at Nebraska City, 
and A. furcatus on high prairie and at Nebraska City. Liatris punctata was 
the only other survivor and was found at Nebraska City alone. 


TaBLe 40.—Summary of survival of 1922 plantings in August 1923. 


ets : Lincoln 
Method of seeding. Lincoln, | DUips- | Burlisg | dow. | 
burg. ton. ne City. 

prairie). 
SULIACe SOWING tenia erie seis: 17 16 0 6 21 
phrencheberast instinct sulin ae 1: 13 0 43 15 
Denuded-quadrats. .5.....-...- 48 36 14 50 36 
PANOT HOG seepeue rare eeiadh erence 26 22 5 30 24 
COCMLIN GS eee cecenerers shone Oke ic eae 50 oye 5 39 45 


In the trench, Bouteloua racemosa and Desmodium were the sole survivors at 
Lincoln, and Andropogon nutans at Phillipsburg, while, as before, none were 
found at Burlington. But Boutelowa racemosa also survived at Nebraska City 
and on the low prairie and Andropogon nutans at both of these stations also. 
Desmodium persisted on low prairie as well as on high prairie. The only 
other survivors occurred on the low prairie alone, viz, Elymus, Petalostemon, 
and Bouteloua gracilis. 

With respect to denuded quadrats, Bouteloua gracilis persisted at all five 
stations, B. racemosa and Andropogon nutans at all but Burlington, Petalo- 
stemon, Panicum, and Sporobolus at three, and Andropogon furcatus, Kuhnia, 
Liatris scariosa, Gleditsia, Acer saccharinum, and Elymus at two, while the 
following were found at only one station each: Robinia, Bouteloua hirsuta, 
Desmodium (at Lincoln), Pinus, and Acer negundo (at Nebraska City). 

Among the seedlings, Boutelowa gracilis occurred at all the stations, and 
B. hirsuta and Sporobolus at all but Burlington. Liatris scariosa, Andropogon 
nutans, Bouteloua racemosa, Stipa spartea, and Desmodium were found at 
three stations, while Ratebida columnaris occurred at two. The following 
were represented at one station only: Leatris punctata, Koeleria (at Lincoln), 
Petalostemon (at Phillipsburg), Kuhnia, and Elymus (at Nebraska City). 

Arranging the species in order of their survival under all methods of planting 
at the several stations gives Andropogon nutans 14, Bouteloua gracilis 12, 
B. racemosa 11, Sporobolus and Desmodium each 7, Petalostemon and Bouteloua 
hirsuta each 6, Andropogon furcatus and Liatris scariosa each 5, Elymus 
canadensis 4, Panicum virgatum, Kuhnia glutinosa, and Stipa spartea each 3, 
Iiatris punctata, Gleditsia triacanthus, Acer saccharinum, and Ratibida colum- 
naris each 2, while the following occurred only once: Robinia pseudacacia, 
Pinus ponderosa, Acer negundo, and Koeleria cristata. 
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Bouteloua gracilis was the only species which survived under some method 
of planting at all 5 stations. The following persisted at both Lincoln and 
Phillipsburg, but not at Burlington: Petalostemon, Andropogon nutans, 
Bouteloua racemosa, B. hirsuta, Panicum, Sporobolus, Stipa spartea, Ratibida, 
and Liatris scariosa. 

Sop TRANSPLANTS. 

As to the 1922 sod transplants on the high prairie, the following died during 
the fall or winter: Anemone, Grindelia, Helianthus, and one lot of Bouteloua. 
gracilis, while Astragalus crassicarpus died before autumn. Aside from the 
grasses, nearly all of which made an excellent growth, it is interesting to 
note that several forbs, viz, Liatris scariosa, Solidago missouriensis, and S. 
rigida, blossomed profusely. 

At Burlington the fall and winter were so extremely dry that 83 per cent 
were winterkilled, including 9 species. This left a single sod of each of the 
following: Agropyrum, Bouteloua gracilis, Panicum virgatum, and Andropogon 
scoparius. The last died before the end of the summer. Agropyrum was 
represented by only 3 shoots and Panicum by 2, neither species blossoming, 
but Bouteloua gracilis made a good growth and put forth flower-stalks abun- 
dantly. The contrast between prairie and plains is consequently very sharp 
and the disaster met by planted or transplanted species in the latter area 
needs no emphasis. The indications in 1923 were that Boutelowa gracilis and 
possibly Agropyrum glaucum were the only species that would survive per- 
manently. 

Sods transplanted to the low prairie in 1922 were winterkilled to the extent 
of 5 species, while Agropyrum, Bouteloua gracilis, and Bouteloua hirsuta died 
the following summer. By the end of the season Koelerta and Anemone 
were nearly dead, due to the severe competition and dense shade. Although 
all of the other species were still prospering, the condition of the transplants 
made in 1920 and 1921 indicated that a year or two would suffice to eliminate 
the upland species and leave the taller subclimax grasses and forbs in pos- 
session of the area. 

None of the 1922 sods in the salt-flat were winterkilled, but Bouteloua 
hirsuta died the following summer. In August 1923, Koeleria was represented 
by mere remnants, while several of the other species evidenced by their paler 
color and dwarfed habit the uncongenial nature of the habitat, notwith- 
standing the rather wet season. However, all did fairly well, but several 
failed to bloom. 

As to the species transplanted into the former swamp area in 1922, Sporo- 
bolus and two lots each of Boutelowa hirsuta and B. racemosa failed to grow the 
following spring. The slough-grass cast a very dense shade, and by the end of 
1923 Bulbilis, Elymus, and Bouteloua gracilis had died, while Agropyrum was 
represented by mere remnants. This left Spartina, which had made a normal 
growth, Stipa spartea, the flowers of which were still in the leaf-sheath in late 
August, and Koeleria, which failed to blossom. In another season it is 
probable that these two high-prairie species would also have been eliminated. 

The sods planted in 1922 at Colorado Springs did poorly because of grazing. 
By the end of the second summer, Andropogon furcatus, Panicum virgatum, 
and Boutelowa racemosa had died, and Elymus and Spartina were represented 
by mere remnants. None but Bulbilis had blossomed. 


116 EXPERIMENTS DURING 1923. 


PHYTOMETRIC RESULTS. 


TRANSPIRATION AND GROWTH. 
PLAN. 


In order to obtain further light as to the climatic differences of the major 
stations in terms of functional response, a special investigation was made of 
transpiration and growth during the summer of 1923. Plants of Helianthus 
annuus, Avena sativa, Elymus canadensis, and Acer negundo were grown from 
seed or transplanted as seedlings into sheet-metal containers of appropriate 
shape and sufficient size to accommodate the root systems throughout the 
duration of the experiment. After the plants were well established, the leaf 
area and the weight of plant and container were determined. They were 
then installed at the several stations, together with a complete battery of 
instruments, for a period of 14 days, and measurements made of transpiration 
and growth in terms of increased area. The considerable differences in 
altitude and hence in seasonal development made simultaneous studies unde- 
sirable, and consequently the periods of observation were successive. This 
was also imperative because of the time and effort involved. 


MerrHops. 


The individual plants of sunflower and box-elder were placed in cylindrical 
galvanized-iron containers 5 to 6 inches in diameter and 9 to 10 inches deep, 
filled with rich loam soil tamped firmly in place. A layer of one-half inch of 
coarse gravel in the bottom of the container covered an exit-tube, consisting 
of an automobile tire valve-stem with the inner end cut off and covered with a 
fine copper gauze soldered in place. The core of each tube had been removed. 
The tube was soldered in place with the threads projecting through the wall 
of the container, so that an exhaust pump could be attached for aerating the 
soil. The tube also assisted materially in watering the plants, the usual cap 
preventing loss during the intervals. The soil was well screened, brought to an 
optimum holard, and weighed at the time of filling the containers. By 
restoring the containers to their original weight from time to time, the holard 
was maintained at the desired level. To prevent loss other than by transpira- 
tion, the containers were furnished with a sloping metal top provided with a 
circular opening with the edges reamed upward, and large enough to recelve a 
cork 2.5 inches in diameter. An effective seal was formed by boring a hole 
large enough for the plant stem, splitting the cork and fitting it into place 
after padding the sides of the opening with a little cotton. The seal was tested 
by a check container without a plant, but fitted with a wooden peg to simulate 
the plant stem. During the period of 14 days this did not lose water in an 
amount sufficient to be detected by a balance sensitive to 2 grams under a 
load of 7 kg. 

The containers for wild rye and oats were similar to those already described, 
except for the tops, which were furnished with a slit 5 inches long and 1 inch 
wide. The edges of the metal cut in making the slit were turned down into 
the container about a quarter of an inch on each side and a half-inch at the 
ends of the slit. These furnished supports for narrow strips of shellacked oak, 
which were held in place by thin wedges of similar material at each end. 
These were put in place after the containers had been filled and the soil pressed 
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firmly under the metal tops. They were then coated with shellac, so that no 
openings remained except between the wooden strips, which narrowed the 
slit to about 10 mm. The seeds were planted through this opening, which was 
nearly filled with soil kept moist by frequent watering. After the plants came 
up, the remainder of the opening was filled with sand level with the top of the 
wooden strips. The containers were provided with felt tops, cut to fit around 
the slits, and sunken level with the soil. The efficiency of the sand-mulch in 
preventing water-loss was found to be high, only 6 grams escaping in a period 
of 2 weeks. Twelve plants of average size were selected from the several 
containers and the leaf-area determined. From this, and the number of plants 
in each container, the initial area of the group of plants in any container was 
calculated. The final area was determined in a similar manner. This method 
was used because it was quite impossible to determine the total area of the 
plants in place, as could be done with the dicotyls. 

Owing to cool, wet weather, the plants grew slowly, except during the last 
week of May. They were kept covered during rains and at night, watered 
from a burette, and aerated from time to time. To keep the metal containers 
from heating the soil, they were surrounded by sand and the top covered by 
a collar of felt about a centimeter thick, held in place by strips of adhesive 
tape. On June I the leaf-area was determined by means of solio prints and 
the planimeter, corks were inserted, and the containers (with collars removed) 
brought back to their initial weight after they had been transported to the 
station in the high prairie at Lincoln. Here they were placed in the soil and 
thoroughly covered after the collars had been replaced, the exposed plants 
being sheltered during rains. 

After the 14-day period of the experiment, following final weighings,the 
number of parent plants and number of tillers in each container was ascer- 
tained. Eighteen specimens of each group were then selected and their areas 
determined. From these data the final areas were calculated. 


CONDITIONS AND RESULTS AT LINCOLN. 
Puysicau Factors. 


The period (May 31 to June 15) was exceptionally cool and wet. Only one 
entire day was sunny, and the sun shone for over half of the time on two others 
alone. During a 4-day interval the sun did not appear, while the total sun- 
shine over the whole period was approximately 5.5 days. A total of 4.9 
inches of rain fell during 8 days, and rains occurred in the daytime on 6 days, 
during one of which it was necessary to keep the plants sheltered for the 
entire day. In fact, they were under cover for a total period of 30 hours of 
daylight in which rain was falling. 

The air-temperature during the first 7 days ranged from 55° to 91° F., while 
the humidity was never lower than 55 per cent. This was followed by a period 
of 4 days when the temperature remained at 58° to 65° F. and the humidity 
above 80 per cent. The remaining time was similar to that of the first 7 days. 
The average day temperature for the entire period was 70.1° F. and the day 
humidity 75 per cent. The soil temperature at a depth of 6 inches among the 
containers varied from 62° to 71° F. The total wind movement at a height of 
39 cm. during the period was 1,282 miles, an average of only 3.6 miles per 
hour. The exceptionally mesophytic conditions are shown by the average 
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Tas_e 41.—Water-loss and growth at Lincoln. 
HELIANTHUS ANNUUS. 


oS Water added ze 3 : I 
— (grams). 5 % g Be 
a -H 5 3 uo) n 
Sh 2° ts : we 2 a 3 
Con- BY "8 16 AMS g- gg tar D> B 
tainer. po ae § | a8 ac 2 & a A 
a8 June | June | June g es rt ee So As : 
£5 33 a BS a 5g 2 3S 
B5 4 12, | 14 BS Be ge aS 22 ed © 
5 fe a Re a 4 Ay 
1 6,748 | 300 | 250 | 100 6,464 934 229.1 960.5 594.8 15.7 319.2 
2 7,053 | 300 | 250 | 100 6,700 | 1,003 266.9 {1,135.5 701.2 14.3 325.4 
3 7,035 | 300 | 250 | 100 6,690 995 237.9 |1,142.4 690.1 14.4 380.2 
4 6,793 | 300 | 250 | 100 6,587 856 167.0 |1,029.1 598.1 14.3 516.2 
5 6,942 | 300 | 250 | 100 6,769 823 156.7 |1,075.9 616.3 133 586.6 
6 6,966 | 300 | 250 | 100 6,660 956 258.5 |1,099.4 678.9 141 S200 
7 6,898 | 300 | 250 | 100 6,646 902 201.0 |1,127.9 664.5 135 461.1 
8 6,700 | 300 | 250 | 100 6,452 898 202.7 921.1 561.9 159 354.4 
9 6,974 | 300 | 250 | 100 6,629 995 177.3 {1,124.4 650.8 153 534.2 
10 6,800 | 300 | 250 | 100 6,516 934 244.2 928.8 586.5 159 280.3 
11 6,980 | 300 | 250 | 100 6,655 975 Zio I, 20577 740.4 132 338.2 
12 6,962 | 300 | 250 | 100 6,672 940 187.5 {1,106.1 646.8 145 489.9 
AVON Emeric tnt Miser ary Pewee GL ars oie Paialad ace rere an ciorep iste attiale ore ace aan meet Maeaeta Reve 145 409.2 
AVENA SATIVA. 
a Water added 7) 3 : q 
» g (grams). 5 2 q et 
ae sok) 2 3. ae A 
Con- RS ee he SA es Kite oe $ 
f o ae YD Og Ses eg a> 5 
tainer. rey pen | 58 AS © 0 Be on 
32 |June|June|June} © § aS = Se ee as 8 
23 ao 3 seitey at Bo n &h ae 
3p 7. 13. 15. AS SS £e ae ee ao os 
5 Fe a Ri cy < 4 Ay 
1 8,918 | 600 | 300 8,442 | 1,376 414.0 |1,601.7 {1,007.8 | 136 286.9 
2 8,360 | 500 | 180 8,081 959 414.0 {1,620.8 |1,017.4 94 291.5 
3 $,233 } 500 | 120 7,885 968 414.0 {1,614.4 {1,014.4 95 290.0 
4 8,221 | 500 0 7,860 861 414.0 |1,544.0 979.0 88 272.9 
5 8,287 | 500 0 7,927 810 414.0 |1,436.1 925.0 87 246.8 
6 8,316 | 500 | 138 8,004 950 414.0 |1,596.7 |1,005.4 94 285.6 
Rae Rey Peeters irre errr es) Peter en rirarn (RII tae, lem chara a Aahy Ines neal LS ot Retry 99 278.9 
ELYMUS CANADENSIS. 
1-31 5,273 | 100 Oil se, 5,186 187 145.4 492.6 319.0 59 238.8 
2-40 5,010) 1-100) | 1005) +=. % 4,896 314 187.6 635.7 411.6 76 238.8 
3-41 OL Oil OOM TOO. earn 4,916 294 192.3 651.6 421.9 69 238.8 
4-28 5,206 | 100 OW sas 5,070 236 131.3 445.0 288.1 82 238.8 
5-43 5130 1 200" 100) | vas 5,044 336 201.7 683.3 442.5 76 238.8 
Control.| 5,093 0 Onli aa. 5,087 Cialis YF ge ee es 238.8 
1S) Ae ara en CneE eed WRRCR OPEN ERE DES oN ACRE ana) (ewe eeu ear orem (eit Aa ills os A Sat Mies ot Ba te 72 238.8 
ACER NEGUNDO. 
1 4,355 4,306 49 38.6 67.6 53.1 92 (Gi). 
2 6,104 6,049 55 42.2 107.6 74.9 72 155.5 
3 5,910 5,872 38 36.2 45.6 40.9 93 25.9 
4 6,363 80 6,300 143 99.2 241.2 170.2 84 143.1 
5 5,933 5,878 55 58.8 72.6 65.7 84 23.4 
VEN iia ie | cB ot boat eet old abe hates Lracng Sve de Pabiene Decect sere Beeb eke cif ated aac es tay arabe cadre ee eet 85 84.6 
ere Al os 
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daily evaporation, which was only 8.4 ¢. c. per day, in contrast to a normal 
daily loss of 20 to 30 ¢. c. during this portion of the growing-season (table 41). 


TRANSPIRATION AND INCREASE IN LEAF-ARBA. 


_ The behavior of plants of the four species with respect to water-loss and 
increase in area during the control period of two weeks at Lincoln is exhibited 
in table 41. 
ConDITIONS AND Resutts at PHILLIPSBURG. 
INSTALLATION. 


Plants of the same species as those used in the preceding experiment were 
grown at Lincoln and shipped to the mixed-prairie station at Phillipsburg, 
where they were used experimentally for the 14-day period from June 18 to 
July 3. Some differences in the age and size of the various species from those 
at Lincoln were brought about by more or less favorable growing conditions 
during the few weeks preceding the beginning of the experiments, but the 
several species were as nearly as possible comparable with those previously 
used. The same methods were employed in both cases. 


PaysicaL Facrors. 


The period June 19 to July 3 was one of fairly typical weather for early 
summer at this station, when compared with that of the three preceding years 
for which factor data were obtained. Eight days were clear, except for a few 
floating clouds, and the sun shone on four others for over half of the time. 
Two days alone were sufficiently cloudy so that the sun shone for less than one- 
third of the day. Heavy showers occurred at night on June 18, 21, 26, and 29, 
as well as during the day on June 21, when it was necessary to cover the 
plants for 2 hours. Three days were so extremely hot, windy, and dry that 
it was desirable to shade the plants and protect them from the wind for 
periods of 2 to 5 hours. Notwithstanding an adequate holard, partial wilting 
occurred at these times, crop and ruderal plants suffering likewise. During 
one of the most severe days (June 24) the temperature was 98° F. and the 
humidity 42 per cent, while a south wind of 20 to 30 miles per hour was blow- 
ing. The air-temperature during the first five days of the period ranged from 
65° to 98° F. and the humidity from 41 to 97 per cent. For the remainder 
of the time the variations were from 42° to 90° F. and 34 to 100 per cent humid- 
ity. The average day temperature for the period was 80.6° F. and the 
average day humidity 60 per cent. Soil temperatures at a depth of 6 inches 
varied from 74° to 82° F. 

The total wind movement at a height of 39 em. during the 14-day period 
was 1,100 miles, an average of 3.3 miles per hour; moreover, most of this 
occurred during the day. The somewhat xerophytic conditions are indicated 
by the average daily evaporation of 25.5 c. c. Under these conditions of 
prevailingly clear, warm weather, growth was marked and the losses by 
transpiration were high (table 42). 


CONDITIONS AND RESULTS AT BURLINGTON. 
INSTALLATION. 


The plants used at Burlington were also grown in appropriate containers at 
Lincoln for the usual period and shipped to Burlington, where they were used 
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experimentally for the 14-day period from July 6 to 20. Methods similar to 
those utilized for the other stations were employed throughout. Owing to the 
abundance of grasshoppers, it was necessary to screen the inclosure, a fence of 
hardware cloth about 4 feet high, the top edge of which was turned outward 
and downward, being employed. This modified the conditions of wind and 
evaporation within to a considerable extent and shaded the plants for about 2 
hours each day. 


TRANSPIRATION AND INCREASE IN LEAF-ARBA,. 


TaBLE 42.—Water-loss and growth at Phillipsburg. 
HELIANTHUS ANNUUS. 


g Water added (grams). a Z ‘ ¢ 
ef aap . 3 3 
Pons) Fo isa he . aire : st 
Con- 0 ie) Oo - BA > Ho lo = o 
tai aa Ba | ea| 8 ae egos ayers 
BIST. I » |June|June| June} July| ey. | 2 & way ae & © ge ee 
q eget ieee: ete te Yee : 
$2 Dau leeOr| 10s 2. a3 ah sg a3 5S 2 bi $e 
g a ° a RS > rs) A 
a Fy & ar & <q HI uy 
1 6,862] 50 | 200 | 300 | 200 | 6,627 985} 65.89 860.86 | 463.38 212 |1,20625 
2 6,974} 50 | 200 | 300 | 200 | 6,639] 1,085) 52.84 925.73 | 489.29 222 |1,651.9 
3 7,030] 50 | 200 | 300 | 200 6,724) 1,056) 57.11 934.08 | 495.59 213 [1,535.6 
4 7,036} 50 | 200 | 300 | 200 | 6,628} 1,158) 53.75 727.39 | 390.57 296 {1,253.3 
5 7,061] 50 | 200 | 300 | 200 | 6,797 1,014] 54.91 870.29 | 462.60 219 |1,484.9 
6 7,058] 50 | 200 | 300 | 200 | 6,718 1,090} 51.29 960.98 | 506.14 215 1,773.8 
7 7,045| 50 | 200 | 300 | 200 | 6,760 1,035} 50.39 945.36 | 497.88 208 |1,776.1 
8 7,074] 50 | 300 | 400 | 200 | 6,717| 1,307} 91.86 1,133.60 | 612.73 213 |1,134.0 
Uae oo ce | ee eel Ieee eal (seh lento or ItoreGeen feeacicee 2] hea gar [repos mcrae [barca chan cho) Keacior ss Sart 225 |1,476.9 
AVENA SATIVA. 
1 8,388] 200 | 350 | 400 | 200 | 8,138] 1,400] 316.37 | 1,254.24 785.31 178 
2 8,385] 150 | 350 | 300 | 200 | 8,210) 1, 175| 260.54 905.84 | 583.19 201 
3 8,442] 200 | 350 | 400 | 200 8,200} 1,392] 353.59 | 1,297.50 | 825.55 169 
4 8,121] 100 | 350 | 300 | 200 8,053) 1,018] 353.59 836.16 | 594.88 171 
5 8,369] 200 | 350 | 400 | 200 | 8, 129] 1,390] 353.59 | 1,239.82 | 796.71 174 
6 8,211] 100 | 350 | 400 | 200 | 7,958 1,303] 316.37 | 1,196.56 | 756.47 172 
JAS a Pra leer oieeall eral eee eetoroet (tsa al ee Beall Moron am crete totam cota aero S. 9c: 178 
ELYMUS CANADENSIS. 
1 5,048} 100 | 200 | 200] ... 4,900 648| 214.08 720.90 | 467.49 139 
2 5,289] 200 | 400 | 300] ... | 4,939 1,250] 214.08 780.54 | 497.31 251 
3 5,422) 100 | 300 |} 100] ... 5,172 750| 214.08 763.50 | 488.79 153 
4 5,291| 200 | 400 | 300 | ... | 4,913 1,278} 214.08 789.06 | 501.57 255 
Check aU es che es. 4,733 RRM 3 Gases AN bag! cn ees mene ee aes pate 
George tee Nene BR eras (Ae escra bent ete! feregcrcecr Iho rome cee ne tems sea chro) | SIE Oe 199 
ACER NEGUNDO. 
1 6, 190]... |) 200))| 100 | hae 4|),6;,068 422| 128.94 336.70 | 232.82 “181 
2 6,079] ... | 100 60 | 2...| 5,979 250| 77.52 214.99 | 146.26 iat 
3 4,337| 50] 100] 100 | ... | 4,208 379} 139.28 393.41 | 266.35 142 
4 4,349] 50] 100] 100] ... | 4,260 339] 124.81 285.53 | 205.17 165 
5 G6 ,O022) ce. LOOCT ers als 5,956 166} 59.17 157.24 | 108.21 153 
6 5,955) ... LOO Saks Hey NRA) 177| 69.38 179.46 | 124.42 142 
US eta ol Preeeeel easel Wrbiotes |e orciraal (ace eral lees recadt cio ial (rameter) |e Mohea taste boa B acy, 159 
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PuysicaL Factors. 


The weather conditions for the first four days of the experiment were very 
characteristic of the high plains during July, with day temperatures reaching 
90° to 96° F. and falling to 60° or 65° F. at night, while the humidity ranged 
from 25 to 30 per cent in the afternoon to 80 or 85 per cent at night. However, 
this was followed by 10 days during which the atmosphere was more humid 
and cooler, due largely to an unusual amount of cloudy weather and rain. 
Rains fell in the evening or at night as follows: July 11, 0.02 inch.; 14th, 
1.48 inches; 16th, 0.51 inch; 17th, 0.58 inch. Moreover, the heavy rains 
were general and greatly increased the humidity. One day was entirely 
cloudy, and four were cloudy half or more of the time, while on 3 others the 
sky was overcast more than one-fourth of the time, only 6 days being clear. 
With the exception of the first 4 days, clouds invariably obscured the sun after 
5 or 6 p. m. 

The temperature ranged rather uniformly between 55° to 60° and 80° to 85° 
F., and the humidity usually reached 100 per cent at night (the vegetation 
being covered with rain or dew) and fell to 50 to 55 per cent during the after- 
noon (on one day to 36 per cent). The average day temperature and humidity 
for the period from 8 a. m. to 6 p. m. were 80° and 57 per cent respectively. 
While the temperature was nearly the same as the average day temperature 
for the same period during the three preceding years, as determined by 
hygrothermographs in the field, the humidity was 11 per cent higher. The 
soil temperature at a depth of 6 inches among the containers was 73° to 86° F. 

The wind movement at a height of 39 em. during the first 4 days averaged 
over 7 miles per hour, but for the rest of the time it was much less (3.4 miles 
per hour). The average daily evaporation was 35.4 c. c., which was 5 ¢. c. 
lower than for the same period of the preceding years. It was necessary to 
shade the plants for an hour or so to prevent wilting during the first day 
or two. 
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TABLE 43.—Water-loss and growth at Burlington. 


HELIANTHUS ANNUUS. 


Zh Water added (grams). eo os Z d 
4 S| a | a 
- 3 so 4 
Con- | 3S s ; : 8 : @ 
aire os Eh a) 8 : am Pig. S ~~ oe 2 
al Clie =) < D g g o g @ g g g 
er. zo | July | July} July | July | July}] ¢@a aI So ao 25 54 gq. 
e > 3 — Soe: bo Aas 25 Os 
me fil. | 13] 16.) 18. | 19.) 12) 8 | ae ee ea Daal Bl eect 
38 he ee ei g 2 22 aS ae 
4 & = a eo 4 4 aj 


6,526] 100 | 100 | 300 | 300 | 300 | 6,444] 1,182) 30.62) 1,235.16 | 632.89 187 |3 
7,572} 100 | 100 | 300 | 300 | 300 | 7,637] 1,035) 22.22 775.20 | 398.71 259 |3 
6,591} 100 | 100 | 300 | 300 | 300} 6,409] 1,182] 29.59] 1,159.44 594.52 199 |3 
7,538) 100 0 | 300 | 300 | 300 | 7,617 921] 21.58 650.91 | 336.25 274 |2 
7,599) 100 0 | 300 | 300 | 300 | 7,612 987} 20.20 802.33 | 411.27 240 ee 
6 
3 
3 
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TaBLe 43.—Water-loss and growth at Burlington—Continued 


AVENA SATIVA. 


Water added (grams). F 
-s a é5 c 
2 E|3 ci ie 
SS meee 2} ; ae Mo) a 
° ae =) ba amy > o> z Ss 
Container. | .3% ie | || io 8 ag Bd een 
=o | July | July | July | July ga Seo Mele go EO Be g. 
OD oy lr tag Sea Pi Ripe PI ee aie rss ag | os! [3 
28 Ca cue taal pacli Ee h s 
a A= | ° 2 | > ro) 5 
A ic cl a & < me Ay 
1 8,850] 200 | ... | 250 | 200 | 8,722) 778 | 92.92) 566.94 329.93 236 510.1 
2 8,732| 150 | 100 | 200 | 150 } 8,593} 739 |100.33} 721.32 410.83 180 618.9 
3 8,702] 150 | 100 | 200 | 200 | 8,583) 769 | 85.48) 642. 81 | 364.15 211 652.0 
4 8,803] 100 | 100 | 150 | 100 | 8,734] 519 | 38.93] 506.17 272.55 190 |1,200.0 
5 8,915] 150 | 100 | 200 | 200 | 8,816) 749 | 89.21 523.91 | 306.56 244 487.3 
Gheekeiies ots 8,742 8,734 OGL eae miltacca gate ehCre oRa ears Brae (cane 
PA CLARO sate eel interes [ne oie all al eeate | everest) ovenoy aif etearetnvell hiscerraestel | sual aofatei|onetorelleseunnel| eseaery Acacia 212 693.7 
ELYMUS CANADENSIS. 
3 Water added (grams). a 3 A 
my 3 | 3 so 2 
a=) s wk mS . ro 4 Q 
F oo BD rq be ; = o> : 3 
Container. 22 80 BBN) eh sl 3g aq ese & 
zo | July| July | July | July ea g Seal ene ae Ae 4 eee 
ideal) soe 4p SIS Ih TRH Wes ol) Se ads Gecl| es Gell Sie, ag | as 178 
2s G2 SS per) a7 o>) ee 
KS & a 5 ca < 4 Ay 
5 5,253 ri 50 | 5,211} 192 | 47.10) 176.87 | 111.98 172 1275.5 
2 5,200 50 | 5,226) 301 | 88.81] 212.08 | 150.45 200 |188.8 
3 5,197 50 | 5,159] 2388 | 64.98) 155.25 | 110.12 216 {1338.9 
4 5,158 50 | 5,110} 298 | 74.18} 175.53 | 124.86 239 {136.6 
5 5,336 50 | 5,284) 252 | 59.15) 132.02 95.58 264 1123.2 
INSES eg noid (on eel aeRO (eon tact ex tl lor eric hcebwercace ey fereacen oe Pecercore oa ae OCG iD 218 |162 6 
ACER NEGUNDO. 
_. | Water added (grams). > 
3 ery sie 
ea) 5H : C3 so . Q 
a ot mS a a : 
Container. o te kee Sq ag 5 d omen ® 
=. | July | July | July | July on g A ERS es) o° ua a. 
3B] 9 | 13. | 16. | 18. al se |e s bites ag | as | og 
=4 as | 39 33> 08> | Soe ae 
mn ical a 4 gq 4 Ay 
1 6,112} 100 0 | 150 
2 5,995 0 | 100 50 
3 4,384] 150 O | 150 
4 4,339] 200 | 100 | 150 
5 4,355) 150 | 100 | 150 
6 125.58 
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TABLE 44.—Transpiration and growth at the stations. 


Water-loss per Increase in area Rate Ss ee based 
pede eeanasy: koneh): on actual increase in 
area (p. ct.). 
Species. | 
Tine Phil- Bur- ee Phil- Bur- Lin- Phil- Bur- 
ahi lips- ling- eels lips- ling- eli lips- ling- 
i burg. ton. burg ton. 3 burg. ton. 
Sunflower...... 145 225, 214 409 1,477 | 4,097 854 860 998 
WWitldity@. ccc. ca 72 199 218 239 257 1638 410 549 140 
Watss Meo ens 99 178 212, 279 246 694 | 1,155 796 510 
Box-elder...... 85 159 137 85 162 220 52 161 370 
Average...| 100 190 195 253 535 | 1,294 618 591 504 
Tasxie 45.—Environmental conditions at the stations. 
Approxi- | Average é Average Average : 
Station. mate day see day daily evap- hep 
hours temp. (° E') humidity oration “Ge i ae 
sunshine. (aES)s : (p. ct.). (c. c.). ee 
Heol sas tlatra seo 39 70.1 62 to 71 75 8.4 3.6 
wlipsburg. «+... 75 80.6 74 82 60 ZOO BS 
BS UIEHN TOM /)e5 a.e-a aces 71 80.0 (Bi. 33 57 35.4 3.4 


SUMMARY AND CONCLUSIONS. 


This onerous series proved a disappointment in so far as normal climatic 
relations were concerned, owing to the wholly exceptional weather. This is 
revealed by table 45, and is brought out even more graphically by comparing 
the data here with those obtained during other years. The amount of sun- 
shine at Lincoln was little more than half that at the other stations, while the 
air-temperature averaged 10° lower and the soil temperature ranged from 11° 
to 15° lower. The average humidity was 15 to 18 per cent higher and the 
evaporation but a third or a fourth of that at Phillipsburg or Burlington. 
Hence, it is easy to understand why the increase in area was twice as 
great at Phillipsburg and more than four times as great at Burlington 
‘hough the normal relation is suggested by the rate of growth based on the 
actual increase in area and by the order of water-loss at the three stations. 
Thus, while the plant responses are in agreement with the physical factors for 
the respective fortnights concerned, it is obvious that entirely comparable 
results could be insured only by dealing with the growth season for each species. 
An adequate record of transpiration and growth for such a period at stations 
widely separated demands at least one resident investigator for each station, 
and such studies must await the future. 


TRANSPIRATION AND GROWTH OF COMMUNITIES. 
TRANSPIRATION FROM NATURAL CovER AND Crops. 
OBJECTIVES. 
One of the major tasks of quantitative ecology is to determine the functional 
responses of plants when grouped in communities. While much light can be 
obtained by the use of individual plants under control in the field, in the form 
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of standard phytometers, these differ essentially in their soil and competition 
relations from plants growing together in the actual cover. Hence, the task 
is to maintain these natural relations of the community and at the same time to 
secure a degree of control that modifies the efficient factors little or not at all. 
In the case of transpiration, for example, these requisites can be met 
only by weighing, as all other methods modify the physical factors to an 
undesirable degree. The method that maintains the soil and community 
relations with the minimum disturbance is the soil-block, which was first 
employed for determining the chresard in the field (Clements, 1904, 1905). 
This requires only such slight modifications as those of size and form to 
become applicable to all problems in which an undisturbed soil-root core 
is indispensable. 

In consequence, the first objective was to perfect the soil-block method so 
that it could be used in the field with both convenience and accuracy. Because 
of its importance in the grassland climate, the chief function to be measured 
was transpiration, though chresard and aeration can be studied with something 
of the same readiness. In the present case the transpiration from representa- 
tive cores was followed in the proper climate of each association, but it is 
evident that the containers can be moved or exchanged between different 
edaphic or climatic stations and thus serve as reciprocal phytometers. This 
permits the determination of the transpiration behavior of each climax in its 
own climate in terms of adjustment and adaptation and at the same time 
affords a basis for comparing adjacent climaxes. A further use of funda- 
mental value arises out of the rainfall relation. The method of the soil-core 
not only makes it possible to trace the complete water-cycle of rainfall, holard, 
evaporation, and transpiration, but also to estimate the extent to which the 
vegetation of each region may furnish the water-vapor for its own rainfall 
(Clements, 1923). Finally, it also opens up a new field in the functional rela- 
tion of roots to the soil as an actual structure, which shows striking differences 
from climate to climate, as well as from one local habitat to another. 


MeEtTHops. 


A steel cylinder 12 inches tall and with an inner area of 1 square foot, the 
lower edge of which was sharpened, was driven into the grassland soil to a 
depth of 4 inches. Care was taken to cut off none of the leaves belonging to 
the plants in the square foot selected, which was chosen with a special regard 
to its representative structure. The cylinder was then carefully removed, 
leaving the column of soil intact, and replaced by one of heavy galvanized 
iron 3 feet long and reinforced at both ends by a heavy wire over which the 
metal was turned back smoothly. After starting a row of these cylinders at 
distances of 8 inches, a trench 2 feet wide was dug around them to a depth of 
over 3 feet. In this process no soil was removed within 3 or 4 inches of the 
cylinder. As the trench was deepened, the columns of soil were carefully 
pared away with large knives in such a manner that the cylinders could be 
forced down under considerable pressure from above. By shaping the column 
for a few inches in front of the descending cylinder, it was possible to force 
the latter into place over a tightly fitting soil-core to a depth of 3 feet. The 
columns were then undercut and smoothed off level with the lower end of the 
cylinder. A loose-fitting metal bottom with the edges 2 inches deep was 
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placed over the end and the entire container was then weighed on a portable 
Fairbanks scale sensitive to one-fourth pound. 

In the meantime, a trench sufficiently wide and deep to receive the cylinders 
in an upright position had been dug in a nearby area, care being taken not to 
cover the grass with soil. The containers were lowered in the new trench and 
slid into place on a plank in the bottom, after which the bottoms were made 
water-tight by means of a measured amount of hot wax of the usual composi- 
tion. The trench was then filled with soil and pieces of sod were fitted around 
the tops so that the surface conditions would be essentially normal. The 
trenches were selected so that the surface water would readily drain away 
from them and in addition the plants were covered by wooden roofs whenever 
rain was actually falling. This was imperative because of the varying inter- 
ception of rainfall by the different vegetation in the several containers. In 
the case of the cultivated crops, oats and millet, the usual type of bottom was 
replaced by one 3 feet deep, owing to the difficulty of selecting a proper slope 
for drainage. In order to determine the amount of water evaporated from 
the cultivated soil, the plants were removed from one container in each field. 
In another check, the natural grasses were left in place after having been 
killed by the addition of a measured amount of boiling water. 

From time to time, depending upon the weather and the needs of the plants, 
water in measured amounts was slowly added to all the containers, and as a 
result there was little shrinkage of the core from the sides of the container. 
None of the plants died, and even those near the edges gave no signs of wilting, 
demonstrating that the roots in the core supplied abundant water for trans- 
piration. Much care was exercised in watering, so that there was little or no 
run-off down the sides of the core. This was accomplished by pouring the 
water on slowly and pressing the moist soil firmly against the cylinder wherever 
the contact was not complete. At the end of the period the containers were 
again weighed and the losses calculated. 

At the end of the experiment the vegetation was carefully removed at the 
soil surface by means of a hand grass-clipper. The dense foliage of former 
years was carefully separated from the living plants, the latter oven-dried at 
60° C., and weighed. 


True Pratrin, Serres 1. 


Installation.—The first series consisted of 6 sod-cores which were installed 
on the high prairie during the period of May 31 to June 15. The group in 
container 2 consisted chiefly of a sod of Andropogon nutans and Bouteloua 
racemosa, in which were found 4 bunches of Koeleria cristata. Container 1 
was very similar, having been taken within 18 inches from the former; the 
plants in it were killed with hot water and it was then employed as a control. 
The third group consisted mainly of Andropogon nutans, A. scoparius, and 
Koeleria, and container 4 resembled it closely. The group in container 5 
comprised several bunches of Stipa spartea, 4 small clumps of Bouteloua 
racemosa, and 3 of Andropogon scoparius; No. 6 was occupied chiefly by 
Stipa spartea and Andropogon scoparius. 

The entire period was exceptionally cool and wet, only one day being wholly 
sunny and the total sunshine being approximately only a third of the total 
daytime period. The average day temperature was 70° F. and the day 
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humidity 75 per cent. The unusual nature of the weather is perhaps best 
revealed by the fact that the average daily evaporation was only 8.4 ¢. ¢. in 
contrast with a normal loss of 20 to 30 ec. c. per day during this period. 

Results.—A striking character of the soil columns is their rather uniform 
weight. Cores 1 to 4 were obtained from a single trench, the extreme distance 
between the containers not exceeding 6 feet. The weight of the 3 cubic feet of 
soil (exclusive of container) varied only from 289 to 295 pounds. Soil columns 
5 and 6 were obtained about 50 feet distant from the first trench. 


Tapie 46.—Water-losses from sods in high prairie, Lincoln, Nebraska. 


Original | Weight | Water Final Dry Loss per 
Container. weight, of added weight, Loss. weight of | gram of dry 
May 31. seal. May 31. June 15. foliage. weight. 
lbs. lbs. lbs. lbs. lbs. gm. gm 
1 (control).| 309.50 0.60 525 312.5 Soy eee sl eae 
ke en aan 307 .00 0.60 4.0 303.0 8.6 19.18 203.4 
hh ie Set 305.25 120 4.0 302.0 8.45 18.95 202.3 
HS nares Acer 303.75 1.00 4.0 302.5 6.25 13.88 204.3 
Dane ne 313.00 0.80 4.0 311.0 6.8 18.95 162.8 
OV EIS A Oe 308.00 1.20 4.0 308.0 one 15.18 155.4 


The water-losses, though low, are fairly consistent, ranging from 2.1 to 5.5 
pounds per square foot in excess of that of the area covered with dead grasses. 
Moreover, the variations are directly proportional to the extent of the grassy 
cover, as expressed in dry weight. The mixture of grasses (chiefly andropogons * 
and Koeleria) lost about 203 grams of water per gram of dry matter, which 
was somewhat more than that from Stipa spartea (average 159 grams). 


True Pratriz, SERIES 2. 


Installation.—Because of the unfavorable conditions during the first series, 
the experiment was repeated from July 24 to August 8, 5 containers being 
installed on the high prairie and 4 in the adjoining low prairie. In container 
1 a mixture of Andropogon nutans, Koeleria cristata, and Poa pratensis, with 
a single plant of Amorpha canescens (Andropogon being most abundant), 
covered half of the area. These had an average height of 12 inches. The 
surface of three-fourths of the second container was covered principally with 
Andropogon nutans, but also with a mixture of Koeleria cristata, Bouteloua 
racemosa, and a little Poa pratensis, with an average height of 15 inches. 
The grasses in container 3 were chiefly Andropogon scoparius, with a third as 
much A. nutans and a very little Bouteloua racemosa; the height was 14 inches. 
In container 4, one-fifth only of the area was bare, the rest being occupied 
with a mixture of the grasses named above, Andropogon scoparius dominating. 
Amorpha canescens and Antennaria campestris were each represented by a 
single small clump. The control container, No. 5, in which the grasses were 
killed as usual, was very similar to No. 3. 

In the low prairie two clumps of Andropogon furcatus, 22 inches in average 
height, occupied slightly less than half of the area in container 6, the rest being 
bare. Nearly two-thirds of the area in container 7 was bare, the rest being 
occupied by a large clump of A. furcatus 16 inches in height. Spartina cyno- 


TRANSPIRATION FROM NATURAL COVER AND CROPS. 127 


suroides and a little Panicum virgatum, with an average height of 38 inches, 
filled about one-third of container 8, the remainder being destitute of plants. 
The remaining cylinder was sunk and a soil-core obtained in a field of alfalfa 
where the plants were 21 inches high and beginning to blossom freely. A 
single clump in the center of the core was obtained which occupied only 
one-fourth of the area. 

Because of a prolonged period of hot, dry weather, the grasses at both sta- 
tions had rolled leaves and some of them wilted during the afternoons, a 
result rarely seen in the true prairie. However, the weather conditions for 
the following 15 days were below normal in the amount of sunshine and heat. 
Only 2 days were entirely clear and rain fell on 8 different days. The average 
day temperature was 79° F. and the average day humidity was 80 per cent. 
With respect to transpiration, conditions were much more nearly normal 
than in the preceding series, as is shown by the fact that the average daily 
evaporation was 22 c. c. in contrast to 8 c. c. 

Results —The losses per square foot in the upland prairie ranged from 9.4 to 
13.7 pounds, as compared with 4.8 pounds from the control. In the low prairie 
the losses varied from 12.3 to 17.5 pounds, owing to the more luxuriant growth 
of the vegetation, while that from alfalfa was 21.5 pounds. Based on the 
quantity of water lost per dry weight, the upland prairie grasses show a 
relatively higher loss (maximum 332.5 gm.) than the coarser, larger-stemmed 
lowland species, where a maximum loss of only 165 gm. of water per gram of 
dry matter was found. On this basis the woody-stemmed Spartina transpired 
less even than the upland grasses. Alfalfa lost 442 grams of water per gram 
of dry matter. 


Tasty 47.—Water-losses from sods and from alfalfa, Lincoln, Nebraska. 


Water added. Dry Water 
Original | Weight Final weight | lost per 
Container. | weight of weight | Loss. of gram dry 
July 24.| seal. | July | July | July | July | Aug. | Aug.| Aug. 8. plants. | weight of 
255 al) 52654 628.5 | ole 1. 3. plants. 
lbs, lbs lbs. | lbs. | lbs. | lbs. | lbs. | lbs. lbs. lbs. gm. gm. 
| UNOS eee 294.75 | 0.61 2 2 3 3 2 2 300 9.36 | 12.77 332.5 
Oey BARE 294.50 | 1.22 2 2 3 3 2 2 296.0 13.72 | 32.07 194.1 
Bie telsi silccsis 291.25 | 1.08 2 i 3 3 2 2 295.0 11.33 | 23:12 22273 
Pyths, saves 286.25 | 0.81 2 2 33 3 2 2 291.25 9.81 | 22.70 196.0 
5 (check) | 293.75 | 0.81 4 2 1 3 1 0 3800.75 BE SW restore | pastanarte eats 
Mitts cia: 808.75 | 2.03 5 4 5 2 2 2 313.25 | 17.53 | 66.53 119.5 
ate halen 3s 291.00 | 0.81 5 4 5 2 2 2 296.5 15.31 | 42.17 164.7 
(35 5 commeucke 322.00 | 2.03 15) 4 5 2 2 2 331.75 | 12.28 | 56.07 99.4 
Or etereustoe 307.50 | 2.03 5 7 5 3 2 2 312.0 21.53 | 22.09 442.1 


Mrxep Pratirin. 


Installation.At Phillipsburg 6 cylinders were used in the mixed prairie 
and 3 in an adjoining field of oats. Container 2 was two-thirds occupied by a 
dense sod of Boutelowa gracilis with a very little pistillate Bulbilis dactyloides; 
these had an average height of 9 inches. The third container was fully two- 
thirds covered by a practically pure growth of Bouteloua gracilis with an 
average height of 9 inches, in which were found a few stalks of Sporobolus 
cryptandrus and one small Callirrhoe involucrata. The control, No. 1, bore a 
vegetative cover of a kind and density almost exactly like that in No. 3. 
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About one-fourth of the area in container 4 was bare; the rest was covered with 
a dense sod of pistillate Bulbilis dactyloides 4 to 8 in. tall. There were also 
four small clumps of Carex filifolia and a very small amount of Bouteloua 
gracilis. A fine clump of Andropogon furcatus, 18 inches in average height, 
occupied 96 square inches of the area in container 5, the rest being devoid of 
vegetation. Container 6 also bore a clump of the same grass 91 square inches 
in extent at the base and with an average height of 20 inches. 

The period from June 18 to July 3 was typical of early summer at this 
station, as shown by the factor data for the preceding years. Except for a 
few clouds, 9 days were clear and 4 others were sunny for more than half of 
the time. The average day temperature was 80.6° F. and the average day 
humidity was 60 per cent. The effect of the factors concerned in transpiration 
is indicated by the average daily evaporation, which was 25.5 ¢. c. 

Results——Among the short-grasses the amount of water added slightly 
exceeded the amount used; it was approximately the same in amount in the 
oats, but the soil lost 3 to 7 pounds of its original weight in the case of the 
bluestems. The losses from the control with a dead short-grass cover and 
from bare soil were 4.4 and 7.2 pounds respectively. Those from containers 
2 and 3, where the dominants were grama grass, were 14.7 and 16.2 pounds 
per square foot respectively, or approximately 1 pound (pint) of water per 
day. The buffalo-grass sod lost nearly as much, 14.2 pounds, while loss 
from the big bluestem was nearly twice as great, 27 and 28 pounds respectively. 
The oats, even in the late stage of development, lost practically the same 
amount of water as the short-grasses (14.7 and 16.4 pounds). 


Tasie 48.—Water-losses from sods and oats, Phillipsburg, Kansas. 


Water added. 


Origi- 3 “i 
tee Dominant nal Weight Tae LS ee Final 
ain- eine of weight, 
er. Bees ane 18 seal. | June| June|June| June} June} July 3. 
4 18. | 19. | 22. | 26. | 30. 
1 Control, dead 
Bouteloua gra- lbs. lbs. lbs. | lbs. | lbs. | lbs. | Ibs. lbs. 
Crist eee eee Oncol Oo 7 0 1 2 4 286.75 
2 B. gracilis. ...| 278.75 | 0.9 2 2 4 4 4 281.00 
3 DOs sates 274.00 | 1.2 2 2 4 4 4 275.00 
4 Bulbilis dacty- 
loides....... 275.50 | 0.75 Zz, 2 4 4 4 278.00 
5 Andropogon 
furcatus..... 282.50 | 0.9 2 2 4 4 4 271,25 
6 DO otias 282.30 | 0.75 2 2 4 7 4 275.00 
7 Oats: faze citente 269.25 | 2.43 0 2 4 4 4 271.00 
8 Do. 267.50 | 2.43 0 2 4 4 4 267.5 
9 Control, bare 
Solltcets selanes 285.75 | 2.43 0 2 1 2 2 288.00 


SHORT-GRASS PLAINS. 


Installation.—The experiments in the short-grass plains were carried out 
at Burlington from July 5 to 20. Six containers were used in the grassland 
and three in an adjoining field of millet. Container 2 was covered with a 
dense closed mat of nearly pure pistillate Bulbilis dactyloides, except for about 
one-sixth of Bouteloua gracilis. This formed a fine green carpet 4 inches in 
height. Only one-fifth of the area inclosed by the cylinder was bare. The 
check container, No. 1, in which the vegetation was killed, was similar, except 
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that one-fourth of the area was bare. Container 3 was very much like No. 1, 
except for a mixture of about one-third grama, which was flowering at a 
height of 8 inches. The average height of the short-grass foliage was 4.5 
inches. Container 4 consisted of nearly pure pistillate Bulbilis about 4 inches 
tall, with just a little grama, some of which had flower-stalks; only one-sixth 
of the area was bare. Containers 5 and 6 had a rather dense growth of Agro- 
pyrum glaucum. The foliage averaged 20 inches in height, most of the stems 
being dry and yellowish to a height of 6 or 8 inches. There were no flower- 
stalks. The two containers were very similar, No. 6 having slightly less 
vegetation. The millet was about 4 weeks old, of thick stand, and had an 
average height of 18 inches. It had not begun to head at the beginning of the 
experiment (July 5), but by the end of the 15-day period it was well headed” 
at an average height of 20 inches. Two containers with millet were used, and 
one from which the crop had been removed by pulling out the plants. 

The weather during the period was rather exceptional for July on the high 
plains, only 7 of the 15 days being entirely clear. The average day tem- 
perature was 80° F. and the average day humidity was 57 per cent. While the 
temperature was much the same as that for this period during the 3 preceding 
years, the humidity was 11 per cent higher. The average daily evaporation 
was 35.4 c. c. as compared with 40.5 c. c. for the same period in previous 
years. 


TasiE 49.—Water-losses from sods and millet, Burlington, Colorado. 


eck Water added, July— Loss 
Con-| 5) oe Weight Final Ee per 
tain- ominant weieht of weight, | Loss. oe gram 
er. | Species. | Wes, | seal. | 5.| 6. | 7. | 8. | 9. | 12. 17.) 18.] 19.) July 20. of dry 
uly 5. plant s 
weight 
1 | Control, 
dead 
Buffalo lbs. lbs. | lbs.|lbs.| lbs.|1bs.| lbs.|lbs.|1bs.| lbs.|1bs.| Ibs. lbs. gm. gm. 
grass....| 204.70 | 2.03 | 510) 0 | 210) 3 | 3} 0-4-7 | 265.75 BeOS. i ga ccctlles teens 
2 |Same,living) 260.5 $225) 2) 1 208103) | Onh S) S80) 2 15264. 25 | 12°47 164 367.3 
3 Do...| 254 W227 P2210) 630001 30135) O) 2 1259-009) Al 225) Lis Sn e286 47) 
4 Dove ie6pe2n de 22) 2a 2al Oniese| OF} Sul SavO? 725) 268575 | 125.72) | e527 55 )e 366.5 
5 |Wheat 
grass....| 251.5 1.221/4]/2]2)3/0]41)31]0] 2 | 254.00 | 18.72 | 45.31 | 187.4 
6 Do...| 254.25 | 1.08} 4|)/2]/2/]3]0)|]4{31]0 | 2 | 258.50 | 16.83 | 40.32 | 189.3 
if Millet..... 974.78 | 1.22)/0|212|8)213 13} 3 | 2 \ 274.50 | 21.50 | 46.95 || 207.7 
8 Do.-.| 278-75 |) 1.22 | 0 | 2)213 10) 3 | 3 | 3) 2 }-279.00 | 18.97 | 40°20 | 214.2 
9 |Control 
bare soil.| 267.25 | 1.22}0/1/1j|2;]0/;]3)|31|0/]0 | 271.50 6.97 


Results.—The final weights of the containers were only slightly greater than 
their original weights, which means that approximately all of the water added 
was again lost by transpiration or direct evaporation from the soil and dead 
plant surfaces. The latter amount was only 5.03 pounds (container 1). The 
square foot of Bulbilis and Bouteloua in each of the three containers lost 11 to 
13 pounds. The wheat-grasses lost 17 to 19 pounds, varying directly with the 
amount of foliage concerned, while the losses from the millet were even greater, 
19 to 21.5 pounds. It is interesting to note that the bare area lost approxi- 
mately 2 pounds more water than a similar area covered with dead grasses. 
The loss of water in grams per gram of dry weight of the vegetation is almost 
identical (about 366 grams) in containers 2 and 4, the smaller ratio in No. 3 
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probably being due to the presence of flower-stalks of grama grass, which 
increased the dry weight but transpired little. The relatively low ratio of the 
wheat-grasses (188 grams) may readily be explained when their large, very 
fibrous stems are considered. Losses from the millet were intermediate, 
probably being relatively less than earlier because of the heads. 

Considered solely on the basis of loss per square foot, the millet ranks first, 
wheat-grass second, and the short-grasses last. Thus, as is shown by the dis- 
tribution of the native species, wheat-grass is less adapted to this semiarid 
region than are the short-grasses, more than one-third more water escaping 
from the area occupied by the former. These data, however, hold only for 
the conditions of the experiment, viz, with the plants growing in very dry soil 
and under unusual humidity for the Great Plains. This is clearly brought out 
by a comparison of the physical factors with those of preceding seasons. 


SUMMARY. 


Transpiration from natural cover.—As in the case of water-loss from the 
phytometers, the exceptional weather of the summer obscured the normal 
climatic response of the sod-cores. When the physical factors and the type of 
vegetation are taken into account (table 50), it is clear why the low short-grass 
cover at Burlington in the driest climate transpired less than the mixed prairie 
at Phillipsburg in a moister atmosphere, and more than the luxuriant true 
prairie at Lincoln in a much more humid climate. Thus again, while the use of 
sod-cores contributed no clear-cut evidence as to the relation of the three 
climaxes and their climates, it does demonstrate the value of the method and 
what can be expected of it when employed through a series of years. The 
losses from the three crops, while of interest, have no comparative value, since 
a different species was used at each station; they are distinctly helpful, how- 
ever, in showing the similarity in the behavior of the native cover and repre- 
sentative crops for each station and in potential importance for the rainfall of 
each region. However, in the future development of the method it is obvious 
that the same dominant and the same crop should be employed throughout 
the series of stations, and this should involve the reciprocal transfer of sod- 
cores and crop-cores between the three stations. 


Taste 50.—Comparison of factors and average water-loss. 


; Average 
: Dateut Approx- Average | Average Average daily lone 
: Dominant P imate day day daily 
Station. ; experi- ! from 
grasses. sun- | temper-| humid- | evapo- 
: ment. ; : ; sq. ft. 
shine. ture. ity. ration. 
of cover. 
Bulbilis. .... July 5 p. ct. Sas p. ct. C. C. lbs. 
Burlington... .|;Bouteloua. .. to Al 80 57 35.4 0.96 
Agropyrum..}| July 20 |j 
Phillipsburg... .|fBouteloua....} June 18 |...... epee cece eee eee ele e eee e nebo e eee ees 
Andropogon..| July 3 75 80.6 60 25.5 1:33 
Andropogon. )| July 24 | 
incolne averse Stipa. eeeee Ke AT 79 80 22.0 0.85 
Koeleria..... 
| Bouteloua...})| Aug. 8 | 
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Growry or NATURAL CovER AND Crops. 
OBJECTIVES. 


The growth of a representative area of a community may be used as a 
climatic index as well as a measure of response in much the same way as 
transpiration. It possesses three distinct advantages over the latter, though 
the two are complementary and hence one can not replace the other. Growth 
demands no laborious installation, as it can be determined directly from the 
native or culture community in position. While it can be measured at any 
time, it yields the major values at the end of the growing-season, and thus 
does not require the services of a resident investigator. Moreover, it inte- 
grates the response for the whole season, though as a complex it permits less 
ready analysis than transpiration and is also less satisfactory for short 
periods. In short, it is the simplest and most convenient of all community 
phytometers when employed in the form of the clip-quadrat. This is the 
only practicable method, as the measurement of the individuals in a com- 
munity group is too time-consuming to be desirable. There are certain cases 
in which it is profitable to pull the individuals out with their roots, but this is 
hardly feasible in a close cover or a compact soil. The clip-quadrat is merely 
the usual one of a square meter in extent, from which the shoots are cut at any 
desired time. It may be either smaller or larger in order to meet special con- 
ditions, as in the case of crops planted in rows. The growth is regularly 
expressed in terms of dry matter, but in the case of grazing ranges or forage 
crops, the green weight should likewise be found. Finally, the clip-quadrat 
facilitates the analysis of community response to climatic factors by making it 
possible to measure growth during different portions of the season or its 
variations from season to season or from the wet to the dry phase of a climatic 
cycle, and to determine the part played by the various species in the total 
production. 

In the case of the grains, it is often preferable to select the individuals to be 
cut in accordance with the results desired, instead of taking all those in a 
particular area (Weaver, Jean, and Crist, 1922). This may be regarded as an 
aggregate clip-quadrat; it has the further advantage of permitting measure- 
ment of particular individuals throughout the season. 


Puan. 


Clip-quadrats were first installed at the three stations in 1920; these repre- 
sented high and low prairie in the true-prairie association, mixed prairie, and 
short-grass plains. They were again cut in 1921 and 1922 to determine the 
fluctuation from year to year. The first step in the simple procedure was to 
select a considerable number of quadrats in typical areas of each climax. 
The height and density of the cover, the abundance of dominant and sub- 
dominant species, the presence of layers, etc., were recorded and photographs 
made of certain of the quadrats. In some instances it has proved desirable 
to make a chart of these as well. The cover was then removed by cutting it 
near the surface and at a uniform level with a hand-clipper. It was collected, 
sorted, and then shipped into the laboratory to be thoroughly air-dried, after 
which the actual production was determined on the basis of the dry weight. 
This gave an expression of the growth of the community as a unit, as well as 
the réle taken by each dominant or subdominant in this. As complete factor 
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records were obtained at each station, this made it possible to correlate the 
yield of community or species with the climate and the season at each. The 
physical factors for the several years have been given in the preceding chapters 
and hence are not repeated here. 

Since even the most uniform cover shows some variation in density, the 
clip-quadrats were selected with much care and in sufficient number to insure 
dependable results. As in all ecological studies that are adequate, i. e., causal 
and quantitative, rather than merely mathematical, this demands considerable 
knowledge of the community and can not be met by random selection. The 
best plan is to locate a proper proportion of quadrats in pure or nearly pure 
stands of each dominant whenever these are present and to distribute the 
others among the various mixtures. It is often desirable to take the sub- 
dominants into account in doing this, as their yield may be much greater than 
that of the grasses. 

Resuuts ror 1920. 

The growth response for this year was obtained from about 400 clip- 
quadrats, of which 50 were in the true prairie at Lincoln, 50 from mixed prairie 
at Phillipsburg, 50 from the short-grass plains at Burlington, and 30 from each 
of the cultivated fields at the various stations. The short-grasses at Burling- 
ton averaged 103 gm., those at Phillipsburg 290 gm. Wheat-grass (Agropyrum 
glaucum) at Burlington yielded 398 gm. per square meter, while at Phillipsburg 
the yield was 480 gm. A mixture of short-grass and tall-grasses gave 244 gm. 
per square meter at Burlington and 470 gm. at Phillipsburg, and the mixed 
prairies at Phillipsburg produced a total yield of 489 gm. per square meter, 
while those at Lincoln averaged 452 gm. The average yield at Phillipsburg 
(439 gm.) exceeded that from the hilltops at Lincoln (361 gm.) or even the 
slopes (429 gm.) at this time (July 9), but did not equal that of the lowland, 
which was 564 gm. Moreover, an examination of the factor data shows that 
late-summer drought usually prevails at the western stations and good plant 
growth is not maintained. This is well illustrated by a second series of 
quadrats cut August 16 to 24. The average yield at Burlington was 196 gm. 
(more mixed short and tall grass quadrats being included than before), at 
Phillipsburg 310 gm., and at Lincoln 465 gm. On the basis of the 50 quadrats 
taken at each station during the season, the average total production, pro- 
ceeding from the drier western station eastward, was 183, 378, and 458 gm. 
respectively. 

Crops of oats (Avena sativa), spring wheat (Triticum aestivum), barley 
(Hordeum vulgare), alfalfa (Medicago sativa), and white sweet clover (Melilotus 
alba) were grown in plats adjoining the several grassland stations (Weaver, 
Jean, and Crist, 1922:76). Each kind of crop was planted from the same lot 
of seed and grown under conditions of farm practice common to the several 
localities respectively. The crop plants were thoroughly air-dried before 
weighing, and the relative height of the mature oats and wheat at the several 
stations, as well as the comparative yield from an average square meter, were 
determined. The yield is the average of 25 to 30 square-meter quadrats taken 
from each of the several plats at the three stations when the grain was ripe. 
400 plants of alfalfa and 300 of sweet clover of average size were carefully 
selected at each of the stations, cut at the ground-line, thoroughly air-dried, 
and the dry weight ascertained. This was done during July and again in 
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August for the sake of obtaining comparative values between clip-quadrats 
and a group of selected plants (table 51). 

The height-growth of all crops was greatest at Lincoln, less at Phillipsburg, 
and least at Burlington, the height of the former averaging more than twice 
that of the latter. The maximum penetration of roots was usually greatest at 
Phillipsburg, next at Lincoln, and least at Burlington, a divergence readily 
explained by the greater holard at the first and the dry subsoil and hard-pan 
at the last. 


TaBLE 51.—Growth and yield of crop-quadrats and plants, 1920. 


4 Average : 
Maximum ; : Weight 
Date of Average denthiot yield in 


Crop and station. harvest. height. grams per of 1,000 
roots. kernels. 
e sq. meter. 
Oats: - feet. feet. 
UGA WSVeVe} be le, vateetes erate me ts July 12 3.0 4.8 706 
PE UIOS DUT Pater <tncias te July 20 2.6 6.0 379 
PSTN TON ee a ae ite ee July 19 1.5 2.7 175 
Wheat: 
EAT COMN races atocoterete ie sce July 15 3.2 4.8 740 29.8 
Phillipsburg... .s ee July 20 213 5.8 322 ool 
RS MEAMIN OGOM are ete ones als. July 19 ie PA sé 205 20.1 
Barley: 
AraC OLN eee eee Steins July 12 Wf 5.4 607 By) 76 
Pa blago Siow a. ayes) share wees July 17 OA (BI 407 14.7 
Burning bomesciie sas July 19 ies 2.9 176 23.9 
Dry weight 
Alfalfa: of plants. 
Rtn COMME rots che teach Seek July 12 125 Ded 528 
Be haliipsburgn cies re os July 9 0.7 5.0 292 
PSMA COM eo hee ecco July 8 0.4 2.3 122 
Sweet clover: 
WUC OMe eyecare cis ie) -haieiay= July 12 2-0 5.5 840 
Phil lipsbureacvs. «see July 9 1.3 Saif 461 
Burlington. sere. July 8 0.4 2.8 213 
Alfalfa: 
MIN COLM tee paucess sel cares Aug. 9 1.8 5.9 739 
Phillipsburg... es. ss Aug. 4 1.2 Hct 601 
Burin Stony. ss cx tet = ave Aug. 5 0.6 2.0 214 
Sweet clover: 
GIN COUN Oh. fo aha, sys, <hevatoesiace Aug. 9 yet) TLo3 
Phillipsburg... 2. Aug. 4 ibs Ae 869 
BUT Me COM see aeeris eons Aug. 5 0.8 PLE 323 


The average yield of grain for the three cereals was about twice as much at 
Lincoln as at Phillipsburg, and nearly twice as much at the latter as for 
Burlington. A similar relation obtained for the first cutting of alfalfa and 
sweet-clover, but at the second cutting Phillipsburg more nearly approached 
Lincoln. Thus, the five crops decreased decisively in both height and yield 
from Lincoln westward in correspondence with the rainfall, holard, and 
humidity. 

REsutts For 1921. 

Two series of cuttings were made during 1921, one about July 1 and a second 
during the last half of August. Ten clip-quadrats each of Bulbilis dactyloides 
and Agropyrum glaucum were used at each of the stations early in the summer; 
at all of these both grasses had headed or blossomed at the time of cutting. 
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The buffalo-grass averaged about 4.5 inches high at Burlington, while the 
staminate spikes were 5.5 inches tall. In the mixed-prairie the foliage of this 
grass averaged 5 inches in height and the flower-stalks 6 inches. Bulbilis 
occurs in the prairies at Lincoln only where the tall-grasses are held in check by 
grazing; hence it was impossible to secure an ungrazed sod comparable to that 
at the other stations. The foliage was only 4.5 inches high and the effects of 
heavy overgrazing the preceding year were apparent. On July 1 the average 
yield of 10 quadrats at each of the respective stations was 207, 266, and 235 
gm. per square meter. At Burlington the leaves of wheat-grass had reached an 
average height of 16 inches and the flower-stalks of 26 inches at this time, 
at Phillipsburg the respective values were 22 and 30 inches, and at Lincoln 24 
and 32 inches. The average yield of 10 quadrats from each station was 400, 
457, and 606 gm. respectively. 


Tasue 52.—Growth and yield of crop-quadrats in 1921. 


Average | Average | Average | Average Average 
Aver- | number | number length number total Maxi- 
Crop and station. age stalks stalks heads or | heads per} weight dry | mum 
height. | per sq. per panicles sq. matter per | depth. 

meter. plant. |ininches.| meter. sq. meter. 

Oats: Jeet. gm. feet. 
Ancol nieces 3.2 375 3.3 10.5 283 792 4.8 
Phillipsburg...| 2.8 353 2.9 9 269 366 5.3 
Burlington... .|) 1.5 414 2.5 5 170! 180 2.5 

Wheat: 

Tincoln: ...%... 3.2 648 2.8 4 365 557 4.3 
Phillipsburg...| 2.6 475 1.8 3.5. Pala 314 4.5 
Burlington....}| 1.6 419 6) DANS 277 i liP(p' De 

Barley: 

Wineolns sener Bl 384 Sat 3.5 306 622 4.6 

Phillipsburg...}] 2.8 253 2.2 3.25 201 369 6.0 

Burlington.... 1.3 255 1.6 2 197 122 2.5 
| 


On August 17, 12 quadrats cut in the high prairie at Lincoln yielded an 
average of 581 gm., and a similar number from the low prairie 929 gm., giving 
an average yield of 755 gm. This considerably exceeded the average weight 
of 11 tall-grass quadrats cut on August 30 at Phillipsburg, which was 477 gm. 
The average of the 44 quadrats from both cuttings at each station was as 
follows: Burlington 353 gm., Phillipsburg 402 gm., and Lincoln 603 gm. per 
square meter. 

Crops of the smaller cereals were again grown in 1921 under conditions 
similar to those already described for 1920. 

There was a regular decrease in height of the crop from the more humid to 
the more arid stations. The same general relation holds for the average 
number of stalks per square meter, except at Burlington, where many tiny 
stalks only 2 to 4 inches tall started growth relatively early and soon dried out, 
but remained until harvest. During 1920 the average number of stalks per 
square meter at Burlington was from one-third to one-half less than at the 
other stations, although the number at Phillipsburg often exceeded that at 
Lincoln. The average number of stalks per plant (1921) was in direct relation 
to the water-content of soil and other factors favorable or unfavorable to plant 
growth. In general, this relation held also during 1920. The average number 


GROWTH OF NATURAL COVER AND CROPS. 135 


of heads per square meter and the average length of heads or panicles de- 
creased from Lincoln to Phillipsburg to Burlington respectively. An exception 
to this occurred in the case of the number of heads of wheat at Burlington 
when compared with Phillipsburg, while the difference in this respect in the 
case of barley was small. However, a clear gradation in the reduction of total 
dry weight from east to west is apparent, giving a direct correlation with 
differences in water-content and humidity. 


RESULTS FoR 1922. 


A single series of cut quadrats was obtained in 1922; these were taken on 
August 4 to 15, beginning with the short-grass plains. <A series of 7 quadrats 
of Bulbilis at Burlington yielded an average of 179 gm., while the average of a 
similar series at Phillipsburg was 260 gm. A series of mixed short and tall 
grass cuttings at these two stations yielded 263 and 365 gm. respectively. The 
differences in the height-growth of foliage and flower-stalks for both kinds of 
grasses were again like those recorded for the preceding years. A series of 8 
representative quadrats of wheat-grass was also obtained at both Phillips- 
burg and Lincoln. The average height of the foliage and flower-stalks re- 
spectively was 15 and 26 inches at the former station, and 17 and 30 inches at 
the latter. The respective yields were 334 and 541 gm. per square meter. A 
series of 27 quadrats containing mixed tall-grasses, largely Andropogon 
scoparius, A. furcatus, and A. nutans, was secured from these two stations. 
Repeated measurements showed that the average height of the general level 
of the foliage was 3 to 8 inches greater at Lincoln (13 to 24 inches tall) than 
in the mixed prairie. The yield in grams per square meter was 287 and 413 
at the two stations respectively. The average yield of all the quadrats for 
this year in the three grassland communities was 224, 311, and 447 gm. at 
Burlington, Phillipsburg, and Lincoln respectively. 


TaBLE 53.—Growth and yield of crop-quadrats, 1928. 


Crop and station. es ite! Height. ve aa 
Oats: in. gm. 
Tinecoln...3..: July 7 42 2,637.0 
Phillipsburg...| July 3 32 905.0 
Burlington....| July 7 18 806.5 
Wheat: 
Tancolneevasce July 7 42 2,395.0 
Phillipsburg...}| July 3 29 1,296.0 
Burlington....| July 7 24 801.5 
Barley: 
Eancolneae. oes July 2 43 1672.5 
Phillipsburg...| July 3 37 1,292.5 
Burlington....| July 7 26 1,038.5 


17otal of straw and grain. 


Five fields of maize were selected as representative of conditions about each 
of the three stations respectively, all of which were within a radius of 2 miles of 
the stations at which holard and other factor determinations were made. 10 
stalks were then selected from various places in the field and the measure- 
ments recorded. The seventh leaf was selected for measurements of length and 
width. After completing the measurements on each stalk, the ear was husked 
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and placed in a sack, 10 ears being secured from each field. Finally, a typical 
stalk, as determined by the measurements of the 10 preceding, was selected, 
cut off at the ground line, cut into pieces, and after removing the ear but not 
the husks, was placed in another sack. These sacks were kept well ventilated, 
and after all had become thoroughly air-dried the weight of their contents 
was ascertained. Consistent and marked increases in height and diameter of 
stalk, height of ear, number and length of leaves, length and diameter of ear, 
as well as dry weight of stalks and ears, were found proceeding from west to 
east. The respective values for average weight of stalk and weight of ear were 
320 and 82 gm. for Burlington, 413 and 110 gm. for Phillipsburg, and 496 and 
183 gm. for Lincoln. 
ReEsuits For 1923. 

No clip-quadrats were taken from native vegetation in 1923, but three were 
made in plats of each of the grains at the three stations. 

As in previous years, there was a pronounced decrease in the height of all 
three species from Lincoln westward, the plants at Burlington averaging 
about half as tall as at Lincoln. With respect to weight, the differences were 
even greater, oats and wheat yielding a third as much as at Lincoln. The 
average production for the three crops was 2,234 gm. at Lincoln, 1,164 gm. 
at Phillipsburg, and 882 gm. at Burlington, in close correspondence with rain- 
fall, evaporation, and chresard. 


TaBieE 54.—Average yield of clip-quadrats in grams. 


1920. 1921. 1922. 
Dominant type ; 

of weeptntion: | Lie | Tipe: [tines | 18-4 pee | tines | > | nen 

coln burg. | ton. coln burg. | ton. coln burg. | ton. 

Bufialo-erass....0.-. 6 + 290 98 235 266 207 afer 260 179 

VOR OTASA ceric theleneichend =H 541 500 606 457 400 541 334 an 
Mixed short and tall 

PT ASSES oieie eo) cialas/e i velslells sue 313 197 ane oft Sere 365 263 

Mixed tall-grasses........ 458 410 ae 755 477 413 287 Be 
Average (based on 
number of quad- 

Abs) ia cache sero shaetes 458 378 183 603 402 353 447 311 224 

SUMMARY. 


In every case each grass or mixture of grasses yielded progressively less as 
the rainfall and holard decreased to the westward. The only exception is the 
case of buffalo-grass at Lincoln in 1921, and this has already been explained as 
an effect of grazing. Moreover, the averages for each year at the several 
stations show a graduated series, plant production increasing with increased 
efficiency of rainfall. However, it may be readily seen that the total yield 
at all of the stations was greater in 1921 than during the preceding or following 
year, an increase particularly noticeable in the case of the late-maturing tall- 
grasses. 

It was early determined that the water relations of soil and air were con- 
trolling, other factors being merely contributory. The yield of pure stands of 
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short-grasses (Bulbilis dactyloides and Bouteloua gracilis), wheat-grass 
(Agropyrum glaucum), mixed short and tall grasses, and mixed tall-grasses 
was found to decrease from the true prairie to short-grass plains directly with 
the chresard and inversely with evaporation. The same relation was de- 
termined not only for the smaller cereals (oats, wheat, and barley), but also 
for alfalfa and sweet clover, as well as for maize. The plant yield at each 
station during different seasons was closely correlated with the variations in 
rainfall and holard. Deficiencies in water-content were naturally most marked 
late in the summer, and their effect was especially to be found in the late- 
maturing tall-grasses at the eastern stations. The results obtained with 
crop-plants were comparable in practically every respect, demonstrating that 
the method was equally applicable to both native and cultivated species. 


STRUCTURAL RESPONSE OF DoMINANTS AND SUBDOMINANTS. 
Score AND SIGNIFICANCE. 


Comprehensive studies have been made of the leaf-structure of the great 
majority of the climax dominants of the grassland, as well as of a considerable 
number of seral dominants, subdominants, and trees. The material was 
obtained from both native and experimental plants, and in the case of the most 
important species represented the whole range of adjustment and adaptation, 
from salt-flat and swamp through low and high prairie to gravel-knoll at 
Lincoln, and from Nebraska City to Lincoln, Phillipsburg, Burlington, and 
Colorado Springs. As was to be expected, the grasses in general were very 
stable as to leaf-structure, the adjustment to the several climates occurring 
chiefly in function and growth, and hence in form. As a rule, distinct ecads 
were produced only in the series of edaphic stations with their more efficient 
differences, and the various species and genera naturally responded in very 
different degree even to these. Moreover, the effect of a particular habitat 
tended to be cumulative, and greater changes will probably appear in the 
course of the next few years. This is suggested by the existing adaptations 
shown by the leaves to the respective climates and recorded in the growth- 
forms and in the genera. With occasional exceptions, the leaf-structure is 
essentially the same for the dominants of each association, but differs markedly 
from one association to another. This seems to be a more recent adaptation 
that has been impressed upon the earlier one characteristic of each genus, 
with the consequence that it is necessary to distinguish three successive 
changes of varying degree in many dominants. Furthermore, this adapta- 
tional series affords a new approach to climatic shifts in the past and to the 
basic correlation of ungulate teeth and hoofs with changing vegetation. 
For these reasons, as well as because of the large amount of material available, 
it has seemed desirable to treat this phase of the investigation in a separate 
paper (Clements, 1924). 


6. RESUME. 


PLAN AND METHODS. 


An endeavor has been made to determine experimentally the factors 
operating in the composition and sequence of the climax grassland associations 
lying between the Missouri River and the Rocky Mountains. Lincoln, 
Nebraska, was selected as representative of true prairie, Phillipsburg, in 
north-central Kansas, of mixed prairie, and Burlington, in eastern Colorado, 
of short-grass plains. The altitude rises from 1,100 feet at Lincoln to 1,900 
feet at Phillipsburg and 4,160 feet at Burlington. Since the associations are 
zoned from east to west, precipitation is the chief factor in determining the 
type of grassland; it decreases through this series of stations from 28 through 
23 to 17 inches annual mean. A fourth station was maintained in the edge of 
the subclimax prairie at Nebraska City, 50 miles southeast of Lincoln, where 
the precipitation is 33 inches. In addition to these climatic stations, a series 
of edaphic ones ranging through gravel-knoll, high prairie, low prairie, salt-flat, 
swamp, and cultivated field was maintained at Lincoln. Moreover, some 
reciprocal transplants from Colorado Springs, Colorado; Tucson, Arizona; 
and Berkeley, California, were made at several of these stations. 

Continuous records of the most important ecological factors, viz, precipita- 
tion, temperature of air and soil, humidity, and evaporation, were secured and 
frequent measurements were made of the holard to a depth of 4 feet, of light, 
and wind velocity, in addition to physical and chemical analyses of the soils. 
In the endeavor to interpret the various climatic and edaphic complexes in 
terms of plant activities, seeding and transplanting were carried out in 
different ways in the several communities. Seeds were sown in the undis- 
turbed grass cover, others were placed in especially prepared trenches, while 
still others were sown in denuded quadrats. Seedlings were transplanted 
and reestablished under favorable conditions, and finally, large blocks of sod 
of mature plants were also employed. Some individuals were favored by 
watering, while others were exposed unaided to the test of the new habitat. 
Frequent checks were applied, resulting in complete records of the plant’s 
activities. The investigation was begun in 1919 and continued until the close _ 
of the growing-season in 1923. 

Fruits and seeds of a large variety of native grasses, forbs, shrubs, and trees 
from a wide range of habitats were employed. These were kept dry, but 
subjected to winter temperatures at Lincoln, Nebraska, and the germinability 
of the seeds was determined previous to planting, more than 60 species being 
tested. Great variability in the vitality of the seeds from year to year was 
found, and this could be traced to differences in climate. A germination of 
20 to 25 per cent was exceptional, while one of 10 to 15 per cent was quite 
usual. Experiments were also made to disclose the effect of depth of planting 
upon germination and establishment. With most grasses a depth exceeding 
0.5 to 1 inch was detrimental, and most species, like the composites, did best 
at a depth of 0.12 to 0.25 inch. 

Surface sowing consisted of scattering the seeds in selected marked areas 
with a typical cover of vegetation, without disturbing the surface, and adding 
only enough débris to prevent the seeds from blowing away. Upon germina- 
tion the seedlings at once met the keen competition from the existing vegeta- 
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tion for water and nutrients below ground and for light above. Frequently 
the latter was as low as 5 to 10 per cent, even early in the summer. By 
planting the seeds in a trench 4 inches deep, for which the sod had been broken, 
the soil pulverized, and a good seed-bed prepared, competition both above and 
below ground was removed for a short time. Denuded quadrats 0.5 meter 
square were also employed, the native vegetation likewise being removed and 
a good seed-bed prepared to a depth of 4 inches. This method eliminated 
competition for light and also for water and nutrients for a time, but other 
unfavorable factors were introduced, such as higher temperatures and greater 
evaporation. To tide the plant over the most critical period in its life, that of 
ecesis, the method of seedling transplants was also employed. These were 
grown in 2.5 to 4 inch flower pots until they were 3 or 4 weeks old, when they 
were transplanted into a specially prepared trench without disturbing the 
root system and watered for a period of about 10 days. A fourth method, that 
of transplanting mature perennials, was also utilized. Blocks of sod 10 inches 
square and 8 inches deep were transplanted reciprocally among most of the 
stations, a control block being replanted in the area where the species was 
secured. As far as possible, sowing and transplanting were done preceding or 
coincident with the inception of new growth and at a time when the holard 
was distinctly favorable. 


COMMUNITIES. 


The vegetation at each station has been studied and described in detail, in 
connection with the measurement of physical factors. Ninety per cent of the 
cover at Burlington (Bouieloua-Bulbilis association) consists of closed mats of 
short-grasses (mostly Bulbils) forming a carpet seldom over 4 inches deep. 
At Phillipsburg (Boutelowa-Stipa association) tall-grasses, chiefly Andropogon, 
alternate with or form a layer above the shorter buffalo and grama grasses, 
the former reaching a height-level of 14 inches by midsummer. In the true 
prairie (Stipa-Koeleria association) the vegetation is distinctly of the tall- 
grass sod type. The chief genera are Stipa, Koeleria, Andropogon, and 
Sporobolus, with which are associated subdominants to form extensive 
societies. By June 1 the grasses have a height-level of 6 or 8 inches and the 
upper story of forbs attains a height of 15 to 22 inches. The subclimax prairie 
at Nebraska City (Andropogon associes), in addition to the true-prairie 
species which grow somewhat more rank, is characterized by the regular 
occurrence of Andropogon furcatus and Panicum virgatum on highland, while 
the various potential scrub societies usually held in check by mowing and fire, 
indicate its true relationship to forest. The low prairie at Lincoln is dominated, 
almost to the exclusion of other species, by Andropogon furcatus and nutans, 
Panicum virgatum, and Spartina cynosuroides, and is actually an edaphic 
postclimax (Plant Succession, 109), closely resembling the subclimax grass- 
land. The swamp area is covered by the Spartina consocies bordered by a 
zone of Poa pratensis, but the bluegrass has been replaced by Spartina during 
the course of the experiment. The vegetation both here and in low prairie 
reaches a height of 4 or 5 feet. The salt-flat, on an area near the low prairie, 
had just enough sodium chloride, combined with an unfavorable soil structure, 
to exclude most prairie species, and is occupied by an open growth of Dis- 
tichlis spicata and dwarf Agropyrum glaucum, seldom exceeding 5 to 8 inches 
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in height. The gravel-knoll is covered with mats of Bouteloua gracilis inter- 
mixed with Bouteloua hirsuta and often also with sparse tall-grasses in the 
intervals. These grow in porous sandy to gravelly drift soil, which forms the 
crest of a steep slope to the south. It is a miniature short-grass area of edaphic 
nature surrounded by true prairie. 


PHYSICAL FACTORS FOR 1920. 


A comparison of the physical factors during 1920 at the three major climatic 
stations shows that conditions for plant-growth in respect to rainfall, holard, 
temperature, humidity, wind, and evaporation were most favorable at Lincoln, 
intermediate at Phillipsburg, and least favorable at Burlington. These condi- 
tions are indicated by the native vegetation and are borne out by results of 
these experiments. Holard and humidity were found to be the controlling 
factors in plant growth, all others being secondary. The precipitation is not 
only 5 inches less at Phillipsburg and 11 inches less at Burlington than at 
Lincoln, but, owing to lighter showers, greater run-off, and increased evapora- 
tion, it is also progressively less efficient westward. While at Lincoln sufficient 
chresard was found at all times and at all depths to 4 feet for good growth, 
a period of midsummer drought occurred at Phillipsburg, and at Burlington 
the holard was favorable only until June (to a depth of 2 feet only), after 
which marked deficiencies were of frequent occurrence. Evaporation was 
lowest at Lincoln (9 to 25 ¢. c. daily), intermediate at Phillipsburg (11 to 32 
ce. c.), and highest at Burlington (23 to 60 c. ¢.). 


ECESIS DURING 1920. 


Both germination and establishment at the three stations were in the 
sequence of increasing water-content. Germination by all methods of planting 
averaged 86, 80, and 38 per cent, and establishment 42, 33, and 25 per cent 
at Lincoln, Phillipsburg, and Burlington respectively. Surface sowing gave 
both the poorest germination and poorest establishment, and seeding in 
denuded quadrats the best. In most cases better growth occurred at Lincoln 
than at the other two stations. Germination and growth in cultivated areas 
adjoining the several grassland stations were much better than in the sodded 
areas, but the sequence of the stations was the same. 

In order to more fully understand the causes for the success or failure of 
seedlings, the root habit was studied both in native grassland and in cultivated 
soil. During 1918, when seedling Boutelowa hirsuta, Andropogon scoparius, 
furcatus, and nutans, and Sporobolus asper had reached heights of 6 to 10 
inches in the grassland at Lincoln, the bulk of the root systems was found to 
occur at no greater depths than 8 to 18 inches. In cultivated areas seedlings of 
Bouteloua, Sporobolus, and Liatris, for example, reached heights of 3 or 4 
inches in 44 days and the roots reached depths of 7 to 11 inches. By mid- 
summer they were 8 to 18 inches tall, and the root depth 20 to 33 inches. 
The excellent growth made by all the species when properly spaced in fertile, 
cultivated soil with adequate holard emphasizes the keen competition pre- 
vailing in stabilized grassland. In the natural cover, as well as in the trench 
and denuded quadrat, most of the grasses require 2 or more years to produce 
seed, but under the former environment 73 per cent bore seed the first season. 
Because of the lack of root competition encountered by plants in the prairie, 
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the species in cultivated soil not only suffered less from drought, but also made 
a greater growth and tillered more heavily. For example, Andropogon nutans 
was 7 to 10 inches tall at the end of the first season in the true-prairie quadrats 
and 12 to 17 inches in the adjacent cultivated field. The tap-root of Gleditsia 
reached a depth of 40 inches by midsummer and that of Onagra 44 inches at 
the end of the first season, while Andropogon scoparius had a maximum lateral 
spread of nearly 1.5 feet, was rooted abundantly to 26 inches depth, and had a 
maximum penetration of 4 feet. These are typical examples of many findings. 
In the deep, mellow loess soil at Peru, Nebraska, the root penetration of 
seedlings was even greater. Of the 40 blocks of sod (9 species) transplanted at 
Burlington no species died, but only 53 per cent (unwatered sods) had flower- 
stalks, as compared with 70 per cent at Lincoln, where none of the 13 trans- 
planted species died (23 blocks). 

In the edaphic series, the low prairie exhibited a chresard 5 to 10 per cent 
greater than that of high prairie, and it also exceeded that at Nebraska City, 
where unusually dry weather prevailed. However, the humidity was higher 
at Nebraska City and the evaporation correspondingly less than on low prairie, 
which was more mesophytic than high prairie. The holard on the gravel- 
knoll and at Burlington was not very different, frequently falling to the 
hygroscopic coefficient, the short-grasses on both areas drying and turning 
brown late in July or in August. The average germination was highest at 
Nebraska City (93 per cent), intermediate on low prairie (77; 86 per cent 
on high prairie), and least on the gravel-knoll (71 per cent). The average 
of establishment was greatest in the cultivated area at Lincoln (100 per 
cent), 75 per cent on low prairie, 70 per cent at Nebraska City, and only 15 
per cent on the gravel-knoll. Thus, all stations except the last exceeded high 
prairie (42), while Burlington with 25 per cent exceeded the gravel-knoll. 

As to sod transplants on the gravel-knoll, all showed repeated rolling and 
drying back of the leaves; only a few flowered, and these did so earlier than 
elsewhere. On low prairie all grew well and blossomed. The transplants 
suffered from drought in the salt-flats, exhibiting wilting and yellowing of the 
leaves and dwarfed stature. Seven species, mostly from upland, succumbed to 
insufficient aeration in the swamp, and four in the Poa zone. All survived at 
Colorado Springs, where they were transplanted late, but none made a good 
growth. In the case of Spartina cynosuroides transplanted from swamp to 
high prairie two years earlier, many leaves reached a height of 40 inches and 
the roots were abundant to 9 or 10 feet depth, being much more branched than 
in lowland. Panicum virgatum showed a similar growth. 


PHYSICAL FACTORS FOR 1921. 


The season of 1921 was very favorable for growth, no marked drought 
periods occurring at Lincoln, where at least 5 and usually 8 or 10 per cent of 
chresard existed at all times and at all depths to 4 feet. At Phillipsburg the 
echard was approached once in July and twice in August, no water being 
available to a depth of 4 feet in late summer. As usual conditions were much 
worse at Burlington. At no time was water available in the third or fourth 
foot of soil, while after June 30 it was depleted repeatedly above the hard-pan 
at a depth of 2 feet. The humidity was highest at Lincoln and lowest at 
Burlington, where it often dropped to 10 or 20 per cent in the late afternoon. 
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Evaporation increased inversely with humidity and soil moisture, ranging 
from 8 to 27 c. c. daily at Lincoln, 8 to 43 c. c. at Phillipsburg, and 18 to 62 
ce. c. at Burlington. The remaining conditions for plant growth were also most 
favorable at Lincoln, intermediate at Phillipsburg, and poorest at Burlington. 


ECESIS DURING 1921. 


The germination results agreed with those of preceding years, Lincoln being 
highest (81 per cent), Phillipsburg second (68 per cent), and Burlington last 
(43 per cent). However, owing to the unusually favorable rainfall following 
germination at Phillipsburg, establishment was highest here (65 per cent), 
intermediate at Lincoln (40 per cent), and least at Burlington (7 per cent). 
No seedling transplants survived at Burlington, but 54 per cent lived at 
Lincoln, and 75 per cent at Phillipsburg. Although the surface-sown seeds 
germinated better than those in the trench, establishment, as in 1920, was 
least on the surface, next in the trench, and best in denuded quadrats, the 
latter exceeding that of seedling transplants. As to the 1920 plantings, the 
average survival during 1921 was greatest at Lincoln and least at Burlington. 
An examination of the grasses and forbs during the second year in the quadrats 
at Phillipsburg showed that they were well established, the roots penetrating 
to depths of 2.5 to 4 feet. 

Sods on the high prairie all did well, but 4 species died at Burlington, and 
the rest, including those that had been repeatedly watered, were represented 
by mere remnants of the original fine blocks. Of those transplanted to high 
prairie in 1920, all survived and some increased their area, but at Burlington 1 
died, while all suffered from drought and were considerably dwarfed. By mid- 
summer of the second season’s growth in the short-grass plains, the roots were 
confined to the surface 2 to 2.5 feet, except in the watered area, where they 
penetrated 5 to 7 feet. 

As to the other stations, the season at Nebraska City was one of drought, 
though the soil usually had a 10 per cent chresard at all depths to 4 feet. 
This exceeded the water-content on low prairie, where the chresard in the 
surface 6 inches was nearly exhausted in June. Conditions on the gravel-knoll 
were more favorable than during 1920. Evaporation at Nebraska City and 
low prairie was lower than on the high prairie and was highest on the gravel- 
knoll. The average germination at the three stations was very similar (63 
to 76 per cent) and in all cases less than on high prairie (81 per cent). The 
rate of establishment was in the following order: Nebraska City 41 per cent, 
high prairie 40 per cent, low prairie 38 per cent, and gravel-knoll 29 per cent, 
the last considerably exceeding Burlington (7 per cent). Seedling transplants 
gave the best growth on low prairie (92 per cent), next at Nebraska City (57 
per cent), then high prairie (54 per cent), and least in gravel-knoll (14 per 
cent). Four species of sod transplants died on the gravel-knoll, and three 
were shaded out in low prairie, while all survived on the salt-flat and in the 
swamp, the latter being much drier than in 1920. Of the 1920 transplants, 
no species died on the gravel-knoll, one succumbed to the shade in low prairie, 
one died on the salt-flat, and 6 in the swamp and bluegrass zone. 


PHYSICAL FACTORS FOR 1922. 


The season of 1922 was fairly favorable for growth, except for the latter 
part, when severe drought occurred at all the stations, though it was relatively 
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less marked on the Great Plains. A margin of at least 5 per cent and more, 
usually 7 to 11 per cent, chresard existed at all times to a depth of 4 feet in the 
high prairie at Lincoln, while at the mixed-prairie station drought began late 
in June and continued throughout the season. There was often no chresard 
to a depth of 4 feet. The soil in spring and early summer was as usual quite 
moist at Burlington, but deficiencies were marked and practically continuous 
after the middle of June. As usual, the factors were most favorable in true 
prairie and least so on the Great Plains. 


ECESIS DURING 1922. 


As for the two years preceding, the average germination under all methods 
of planting was highest at Lincoln (74 per cent), intermediate at Phillipsburg 
(63 per cent), and least at Burlington (44 per cent). In surface sowing Phil- 
lipsburg slightly outranked Lincoln, due to differences in soil structure. This 
also accounts for the greater survival of seedling transplants at the former, 
the percentages being 78, 70, and 26 respectively. Establishment was 
decidedly highest in true prairie, viz, 62 per cent; it was but 39 per cent in 
mixed prairie, and 26 per cent in the short-grass plains. Germination aver- 
aged best on the surface, next in denuded quadrats, and least in the trench, 
but establishment was in the following order: denuded quadrats, trench, and 
surface, the last giving the lowest percentage. Bouteloua gracilis made the 
best growth in the quadrats at Burlington and the least at Lincoln, but for all 
of the other species the growth-rate was in the sequence of increasing water- 
content, i. e., eastward. Andropogon nutans, Kuhnia glutinosa, Bouteloua 
racemosa, and Panicum virgatum were 4 to 12 inches tall at Lincoln, 3 to 9 
inches at Phillipsburg, and 1 to 5 inches at Burlington. 

The survival for the 1920 surface-sowings was 33 per cent at Burlington 
only; for the trench it was 33 per cent at Lincoln and Phillipsburg, and 
for the quadrats 55 per cent at Lincoln and 48 per cent at Burlington, the 
plants at Phillipsburg having been mostly excavated for root study. The 
average survival of 1921 plantings and seedling transplants was greatest at 
Phillipsburg and lowest at Burlington. Two species died out of the 26 trans- 
planted to high prairie in 1922; these were both dicotyls with strong tap- 
roots. All of the 13 species of grasses transplanted to Burlington survived, 
although they flowered less than at Lincoln and nearly all were dwarfed. Of 
the 1920 sod transplants, 2 died on high prairie during 1922, but only 1 at 
Burlington, although many more individuals out of the 40 transplanted 
blocks of sod succumbed here. None of the 1921 transplants died on the 
high prairie; several increased their territory, and 12 of the 16 species blos- 
somed. At Burlington several individuals died, but only 1 species vanished 
entirely. Agropyrum spicatum and Bouteloua racemosa were the sole survivors 
of the unwatered lot. 

As to the other stations, the season at Nebraska City was one marked by 
drought in June and August. However, the soil usually had a chresard of 8 
per cent below the first foot, but that in the surface foot, which most critically 
affects seedlings, was practically exhausted two or three times during the 
summer, being less favorable than in 1921. Conditions as to the holard were 
more favorable on low prairie, where a considerable excess prevailed over that 
on high prairie. On the gravel-knoll the grama grasses dried during the 


144 RESUME. 


drought, as no moisture was available in the first 2 feet of soil. The germina- 
tion of surface-sown seed was not greatly different at the three stations 
(70 to 84 per cent), this method of sowing giving the best germination. The 
average germination was 67 per cent at Nebraska City, 75 on low and 74 on 
high prairie. Establishment gave the usual sequence with respect to method 
of planting. It averaged 46 per cent at Nebraska City, 62 per cent on high 
prairie, and only 50 per cent on the more densely shaded low prairie, where 
light values ranged from 2 to 10 per cent. Seedlings did best on high prairie 
(70 per cent) where they were watered, next at Nebraska City (59 per cent), 
and poorest on low prairie (45 per cent). Three of the sod transplants on low 
prairie succumbed to the dense shade, as did 4 in the swamp, while one died on 
the salt-flat. Of the 1920 sods, 3 died on the gravel-knoll, 4 were shaded out 
in low prairie, and 1 died in the salt-flat, but no further mortality occurred in 
the rapidly drying swamp. Of the 1921 transplants, 3 more died on the 
gravel-knoll, 5 in low prairie, 1 in the salt-flat, and 2 in the swamp. 


BEHAVIOR DURING 1923. 


In 1923, a season with high spring and summer rainfall at the western 
stations, the plants made an excellent growth. Not only was the rainfall above 
the normal, but the rains were also well distributed, drought periods being 
fewer and shorter than usual. At Lincoln the precipitation for spring and 
summer averaged below normal. The preceding fall and winter had been one 
of unusually severe drought, and high losses were sustained at all the stations. 
In the major climatic stations these were greatest at Burlington, intermediate 
at Phillipsburg, and least at Lincoln. For example, losses of the 1921 plant- 
ings and transplants were 43, 28, and 13 per cent in the above sequence of 
stations. The mortality at all stations averaged greatest for the plants of a 
single year’s establishment, next for those 2 years old, and least for those 
established for 3 seasons, e. g., the respective losses at Burlington being 85, 
43, and 16 per cent. The survival was greatest in denuded quadrats, this 
method even outranking that of transplanting blocks of sod. 

In the survival of surface-sown plants for all years Phillipsburg ranked first 
(14 per cent), Burlington second (11 per cent), and Lincoln last (9 per cent). 
The average germination was respectively 79, 45, and 76 per cent, Lincoln 
taking second and Burlington third place. The average germination in 
trenches decreased from Lincoln westward, the percentages being 85, 59, and 
21 respectively. The average survival for all years at the end of 1923 was in 
the same order, the percentages being 27, 21, and 0 respectively. Germination 
in denuded quadrats was greatest at Lincoln for every year except one, and 
least at Burlington, with one exception, the percentages for the three stations 
being 81, 73, and 60. With a single exception, establishment was likewise in 
the same order, viz, 72 per cent in true prairie, 60 per cent in mixed prairie, 
and 43 per cent in the short-grass plains, and this was also true of survival at 
the end of 1923, the percentages being 44, 22, and 21 respectively. Hence, 
while surface-sowing ranked highest in germination, it resulted in the lowest 
estabishment. 

Transplanted seedlings usually did best at Phillipsburg, the average survival 
at the end of 1923 being 44 per cent as compared with 37 per cent at Lincoln 
and 3 per cent at Burlington. 


RESULTS FOR 1923. 145 


Permanent establishment by the end of 1923 under the three methods of 
planting was 44, 27, and 9 per cent respectively at Lincoln, 22, 21, and 14 per 
cent at Phillipsburg, and 21, 0, and 11 per cent at Burlington. This was always 
greatest in the denuded quadrats and next greatest in the trench. 

The results of seeding and transplanting at Nebraska City and on low prairie 
are not greatly different, although often somewhat better than on high 
prairie, while ecesis on the gravel-knoll was often only slightly higher than that 
at Burlington. At the latter, as on the gravel-knoll, drought was the deciding 
factor, while on low prairie, as well as at Nebraska City, light played the 
dominant rdéle. 

Certain species were found to survive more frequently than others. Out 
of the total plantings at Nebraska City, Lincoln, Phillipsburg, and Burlington, 
beginning with 1920, Andropogon nutans survived in 35 different places by 
the end of 1923. The survival of other species was in the following order, the 
figures indicating the different number of places in which they survived: 
Bouteloua gracilis 18, B. racemosa 15, B. hirsuta 14, Sporobolus asper 11, 
Aristida purpurea, Elymus canadensis, and Liatris punctata 10 each, Andro- 
pogon scoparius 8, A. furcatus 7, Petalostemon candidus 6, Stipa spartea, 
Desmodium canescens, and Liatris scartosa 5 each, Kuhnia glutinosa 4, Panicum 
virgatum, Stipa viridula, Symphoricarpus occidentalis 3 each, Gleditsia 
triacanthus, Symphoricarpus vulgaris, Koeleria cristata, Ratibida columnaris, 
Robinia pseudacacia, and Acer saccharinum 2 each, and Stipa comata, 
Agropyrum glaucum, Pinus ponderosa, and Acer negundo each only 1. 

As regards sod transplants, by the fall of 1923 over half of the 1920 plantings 
at Burlington had died. Agropyrym glaucum alone remained in the un- 
watered area. The 1921 transplants, half of which were watered, lost 15 out 
of 22 individuals, Agropyrum and Bouteloua racemosa alone surviving in the 
unwatered area, while practically all of the rest showed clearly that they 
would not last much longer. 83 per cent of the 1922 transplants were winter- 
killed, and at the end of the second season Bouteloua gracilis and remnants of 
2 other species alone remained. These results clearly reveal the uncongenial 
nature of the Great Plains, in so far as prairie species are concerned. 

Relatively few species died on the high prairie, even Spartina cynosuroides 
and Panicum virgatum forming seed. Of the 1920 plantings only 6 individuals 
had died, including 2 plants of Distichlis spicata, which never floutished out 
of its own saline habitat. Of the 1921 plantings a single one succumbed. Six > 
forbs among the 1922 plantings died, and 1 lot of Bouteloua gracilis. Several 
of the species had considerably extended their area. 

On the gravel-knoll the mortality was much greater, although here likewise 
several low-prairie species became permanently established, their roots ex- 
tending well into the clay subsoil below 4 feet. Three species of the 1920 and 
7 of the 1921 lot succumbed, but others planted in 1919 still survived, Bulbzlis 
and Agropyrum being quite at home. Nearly all were somewhat dwarfed, and 
they began growth and matured earlier than at the other Lincoln stations. 

Exceedingly interesting results were obtained on low prairie. Of the 14 
species and 28 blocks of sods transplanted in 1920, all flourished, including 
Bulbilis and Bouteloua gracilis. By the second season, however, 1 species was 
shaded out, 4 the next, and 1 in 1923, so that by the end of the fourth summer 
the dominants of the low prairie alone, viz, Andropogon nutans and furcatus, 
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Panicum virgatum, Elymus canadensis, and Spartina cynosuroides were 
flourishing, Stipa, a single Koeleria, and Andropogon scoparius surviving from 
the high prairie. Of the 1921 transplants, 5 subclimax dominants developed 
normally, but of the 10 species remaining all had succumbed but 3 represented 
by mere remnants. Two or three years were sufficient for the tall-grasses to 
overshade and cause Bulbilis and Bouteloua gracilis and hirsuta to disappear. 
This applies also to several true-prairie dominants. Of the 1922 transplants a 
total of 11 species had succumbed by the end of 1923, the process of elimina- 
tion being well under way. 

On the salt-flats, while the plants were able in most cases to tolerate condi- 
tions (only 6 species among the three years’ plantings succumbing), they 
made a very poor growth, did not extend their territory, and seeded very 
poorly. For the most part they had a paler color and in every way reflected 
the unfavorable environment, except the indigenous Dzstichlis alone. 

Transplants in the swamp lost heavily, at first from poor aeration and later 
from lack of light, after a dam was built above the experimental area and the 
swamp dried out. High-prairie species were most affected and died in greatest 
numbers, the flower-stalk often rotting off at the surface of the saturated soil. 
By 1923, Spartina, Panicum virgatum, and Elymus canadensis, all of which 
erew well, were the only survivors among the 13 species planted in the swamp, 
while these and Poa pratensis were the 4 survivors of a similar lot in the Poa 
zone, which was now overgrown with Spartina. 

During the course of the experiment it was found that species of widely 
different families exhibit the phenomenon of dormancy, the seeds lying 
in the soil for one or more years before germinating. Among the most con- 
spicuous cases the following may be enumerated: Robinia pseudacacia, Gledit- 
sia triacanthus, Petalostemon candidus, and Lespedeza capitata among legumes; 
Sporobolus asper, Andropogon nutans, Panicum virgatum, and Andropogon 
furcatus among grasses; and likewise Kuhnia glutinosa, Corylus americana, and 
Acer negundo. While the volunteer growth of these plants during the second 
or third year has not been recorded in detail, because of the risk of confusion, 
it may be stated that in general they suffered the same fate as the original 
plantings. 


BEHAVIOR OF TREES AND SHRUBS. 


The fate of trees and shrubs planted or transplanted by rhizomes into grass- 
land is of especial interest. The trees employed were Acer negundo, A. 
saccharinum, Gleditsia triacanthus, Robinia pseudacacia, and Pinus ponderosa, 
together with the following shrubs: Corylus americana, Symphoricarpus ocet- 
dentalis, and S. vulgaris. At Burlington none survived longer than the first 
season, and at Phillipsburg the only survivors at the end of 1923 were the 2 
species of Symphoricarpus planted in 1921. Corylus (delayed growth), 
Robinia, Gleditsia, and Acer saccharinum of the 1922 planting, and Robina 
of 1921 survived on high prairie. On low prairie Symphoricarpus occidentalis 
of the 1921 planting and Acer saccharinum of 1922 alone survived. None lived 
on the gravel-knoll, but at Nebraska City both species of Symphoricarpus of 
1921 and Acer negundo and Pinus ponderosa of 1922 were alive at the end of the 
summer of 1923. However, as shown by a series of earlier experiments with 
trees at Lincoln, the results of which are as yet unpublished, the possibility of 
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tree-growth in stabilized grassland is almost nil, since tree seedlings are 
killed by drought on upland and are shaded out on lowland. 


GERMINATION AND SURVIVAL AT THE CLIMATIC STATIONS. 


The percentage of germination for each year and for each method and the 
percentage of survival for the first year of planting as well as succeeding years 
are given in table 55. The percentage of germination under surface sowing 
was greatest at Lincoln during 1920, and at Phillipsburg during 1921 and 
1922, while it was least at Burlington for all three years. The averages for the 
three years are Phillipsburg 79 per cent, Lincoln 76 per cent, and Burlington 
45 per cent (table 56). In regard to establishment, Burlington ranked first in 
1920 (clearly an erratic case), Phillipsburg in 1921, and Lincoln in 1922. As 
to the survival of plants of all years, at the end of 1923 Phillipsburg was first 
with 14 per cent, Burlington second, 11 per cent, and Lincoln third, 9 per cent. 
The greater germination and establishment at Phillipsburg were probably due 
to the structure of the soil (p. 12). 

Germination in the trenches was highest at Phillipsburg in 1920, but at 
Lincoln for the other years, Burlington coming last. The average germination 
for the three seasons was greatest at Lincoln (85 per cent), next at Phillips- 
burg (59 per cent), and lowest at Burlington (21 per cent). Survival in 1920 
and for 1923 was greatest at Lincoln, but in 1921 greatest at Phillipsburg, 
Burlington regularly ranking third. However, in the survival for all plantings 
at the end of 1923, the sequence is Lincoln, Phillipsburg, and Burlington, with 
respective percentages of 27, 21, and 0. 

Germination in the denuded quadrats was greatest at Lincoln during 1920 
and 1922, and least at Burlington, except in 1921, when it exceeded Phillips- 
burg and Lincoln. The average germination for the three years at the several 
stations was 81, 73, and 60 per cent, in the order of decreasing rainfall. 
Establishment was also greatest at Lincoln every year and least at Burlington, 
except during 1922, when the latter exceeded that at Phillipsburg. The 
average establishment for the three years was 72 per cent in the true prairie, 
60 per cent in mixed prairie, and 43 per cent in the short-grass plains. The 
percentage of survival for all plantings in quadrats for the three years was, in 
the above order, 44, 22, and 21. 

Transplanted seedlings did best at Phillipsburg both during 1921 and 1922 
and poorest at Burlington. Moreover, the average survival at the end of 1923 
was greatest at Phillipsburg (44 per cent), next at Lincoln (36 per cent), and 
least at Burlington (3 percent). The explanation of the better survival in the 
mixed prairie seems clearly to be sought in the more favorable soil structure. 

With reference to the success of the various methods, surface sowing gave 
the poorest results as to germination in 1920, but the best the other two 
seasons, the quadrat ranking second (first in 1920), and the trench third. On 
the other hand, establishment was always greatest in the denuded quadrat, 
‘second in the trench, and least on the surface. The survival for all years at the 
end of 1923 was greatest in denuded quadrats, and least on the surface. 
At Lincoln under the three methods it was 44, 27, and 9 per cent, re- 
spectively, at Phillipsburg 22, 21, and 14 per cent, and at Burlington 21, 0, 
and 11 per cent. The seedling-transplant method was somewhat less suc- 
cessful than sowing in quadrats, but more satisfactory than sowing in trenches. 
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The persistence of plants is high after surviving a single growing-season, but 
the mortality is also usually greater during the second winter and summer 
than for any year afterward. 

During the three years the average germination for all methods was greatest 
in true prairie (81 per cent), second in mixed prairie (70 per cent), and least 
at Burlington (42 per cent). The average establishment was, in the same 
sequence of stations, 48, 46, and 20 per cent, as was also the average survival 
at the end of 1923, viz, 27, 19, and 11 per cent. Thus, the experimental 
evidence clearly indicates that the best conditions for growth are to be found 
in true prairie and the least favorable ones in the short-grass plains, conditions 
in the mixed prairie being intermediate. 


GERMINATION AND SURVIVAL AT THE EDAPHIC STATIONS. 


Results from the series of edaphic stations show that the germination of 
surface-sown seeds was very similar in the low prairie and at Nebraska City 
during the three years, where it slightly exceeded that on the high prairie at 
Lincoln. The survival at the end of the first season averaged greater at both 


Tasie 55.—Per cent of germination and survival at all stations, 1920-19238. 


Surface sowing. Trench sowing. 
Station. Prot: P. ct. survival. Pret: P. ct. survival. 
FO Tec | eee ee ee ee ea OTe 
mina- mina- 
tion. | 1920. | 1921. | 1922. | 1923. | tion. | 1920. | 1921. | 1922. | 1923. 
1920. 
Lincoln (high prai- 

L1G) Ne es eae 66 0 < se ae 92 45 42 33 
Phillipsburg...... 50 0 ae fae ae 100 33 33 33 
Burlington........ 46 33 33 33 33 15 0 a we 

1921. 
Lincoln (high prai- 

1a Miata then Gee eee 79 ate 9 (9) (9) 92 eae 45 36 
Phillipsburg...... 100 ee 83 50 25 43 dc 50 So 
Burlington........| 28 0 1&3 0 

1922. 
Lincoln (high prai- 

MIO) reece ae ad 82 tts ae 50 17 70 A re 63 
Phillipsburg...... 86 5% a3 42 16 35 ae MA 25 
Burlington). .c- o.- 50 0 32 14 

1920. 
Gravel-knoll (Lin- 

COLD) treet senic: 71 30 0 
Low prairie (Lin- 

COL) Seren 75 33 (Grey haley |! tary) 57 100 50 50 
Nebraska City....| 80 50 38 (38) | (88) | 100 60 80 20 

1921. 
Gravel-knoll (Lin- 

COM) ee epee ea 55 ae ey 0 x 
Low prairie (Lin- Excavated 

Colm) toca. 78 = 14 0 0 75 ap 17 for roots. 
Nebraska City....| 78 29 29 29 50 i 33 ile 17 

1922. 
Low prairie (Lin- 

COIN) Ss vate eer: 84 Ae a 25 6 60 ee Ai 64 43 
Nebraska City....| 70 re “igs 50 PA 62 i sie 33 15 
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Taste 55.—Per cent of germination and survival at all stations, 1920-1923—Continued. 


Denuded quadrats, sowing. Scodline tans 


plants, p. ct. 
Station. P. ct. P. ct. survival. survival, 
ger- 
mina- 
tion. | 1920. | 1921. | 1922. | 1923. | 1921. | 1922. | 1923. 
1920. 
Lincoln (high prairie)........... 100 80 55 55 55 
Whillips purge tea. scree oles ow c 90 67 67 Excavated 
for roots. 
SUM COM es mare ree No csc naps 54 43 43 43 43 
. 1921. 
Lincoln (high prairie)........... 71 AS 65 30 30 54 39 
PEMipsbure 2.) osc. sec... ss 61 ne 63. |. Si 31 75 | 658 
Ubi PGOR! ene ieclac aSe Yoke ocieeiet 76 i 21 11 5 0 sh 
1922. 
Emeoln (high prairie)........... 71 me a6 72 48 ae 70 
Rhalligsiourcere ats strict oe soothe. 69 he: ane 50 36 +2 78 
Burling toner estas ace vs ok costs 50 its no 64 14 oe. 26 
1920. 
Gravel-knoll (Lincoln).......... ZA 0 he oe i 
Low prairie (Lincoln)........... 100 91 82 73 45 
NebraskanGity vcds cases ssw ei: 100 100 90 80 70 
1921. 
Gravel-knoll (Lincoln).......... 71 ee 40 30 20 14 14 
Low prairie (Lincoln)........... 75 i 83 42 25 92 69 
iNebraskatC@ity-tnre st witchiskias Gir 68 , 60 40 40 57 57 
1922. 
Low prairie (Lincoln)........... 81 7 a 60 50 oe 45 
Ne praskinCab yo meuioste ste tale ee 69 Ae a 54 36 465 59 


Norse: Numbers in parenthesis indicate that the plants had merged into the native sod and 
were not traced further. 


stations (low prairie 24, Nebraska City 43 per cent) than on high prairie (20 
per cent), while the average survival at the close of 1923 was respectively 8, 
29, and 9 per cent. 

The average germination in the trenches for all years was least on the gravel- 
knoll, 63 per cent; it reached 64 per cent in low prairie and 71 per cent at 
Nebraska City, as compared with 85 per cent on high prairie. However, 
ecesis on the gravel-knoll was less than half that on high prairie (23 in contrast 
to 51 per cent), while in low prairie and at Nebraska City it was 60 and 42 per 
cent respectively. The survival at the end of 1923 was nil on the gravel- 
knoll, 31 per cent in low prairie, and 17 per cent at Nebraska City, as com- 
pared with 27 per cent on high prairie. 

Germination in denuded quadrats averaged 71, 85, and 79 per cent on gravel 
knoll, low prairie and Nebraska City respectively, in contrast to 81 per cent on 
high prairie. The corresponding percentages were 20, 78, and 71, as against 
72 on high prairie, the survival at the end of 1923 being 10, 40, 49, and 44 per 
cent respectively. 

The ecesis of seedling transplants was 14 per cent on the gravel-knoll (1921 
only), 68 per cent in low prairie, and 58 per cent at Nebraska City,as compared 
with 62 per cent on high prairie. The respective survival at the end of 1923 
was 14, 35, and 48 per cent, as against 36 per cent on high prairie. Thus, 
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TABLE 56.—Summary of percentages of germination and survival. 


SurFACE SowIna. 


a= 


|s 


Year of P. ct. urvival Survival 
Station. plant- | germina- ANER: at end of Aver-| 34 end of le 
ing. tion. age. | frst year. Bee: 1923. is 
F ; a 1920 66 0 | 0 
Lincoln (high prairie)....|{ 1991 79 76 9 20 9 9 
1922 82 50 17 
wae 1920 50 0 0 
PHilipsbureienscieeo cee 1921 100 79 83 42 25 14 
1922 86 42 16 
; 1920 46 33 380 
Burlinigtonace secon aiencs 1921 38 45 0 11 0 11 
1922 50 0 0 
1920 75 33 17 
Low prairie (Lincoln)....|{ 19921 78 79 14 24 0 8 
1922 84 25 6 
2 1920 80 50 38 
Nebraska City. ......... 1921 78 76 29 43 29 29 
1922 70 50 21 
TRENCH SowINa. 
1920 92 45 33 
Lincoln (high prairie)....|1 19921 92 85 45 51 36 27 
1922 70 63 13 
me 1920 100 33 33 
Phillipsburg. cleus: 1921 43 59 50 36 17 21 
1922 35 25 13 
1920 15 0 0 
TSInlINn ge tOMN erry i terete: 1921 15 21 () 5 0 0 
1922 32 14 0 
Gravel-knoll (Lincoln)...|/ 1920 71 30 : (0) 
1921 55 - 17 os 0 e 
a. : 1920 57 100 50 
Low prairie (Lincoln)....|{ 1921 75 64 17 60 Excav 31 
1922 60 | 64 43 
: 1920 100 60 20 
Nebraska City.......... 1921 50 wah. Ub © ee 42 ily 17 
1922 62 33 15 
DENUDED QUADRATS. 
ay 1920 100 80 55 
Lincoln (high prairie)....|) 49921 7 81 65 72 30 44 
1922 71 72 48 
1920 90 67 Excav 
Phillipsburg............- 1921 61 73 63 60 31 29 
1922 69 50 36 
1920 54 43 43 
Barling ton mars secede sells 1921 76 60 21 43 5 21 
1922 50 64 14 
a i 1920 val 0 0 
Gravel-knoll (Lincoln)... ees A 71 40 20 20 10 
1920 100 91 45 
Low prairie (Lincoln)....|/ 1921 75 85 83 78 25 40 
1922 81 60 50 
‘ 1920 100 100 70 
Nebraska Cltyierin. ca 1921 68 79 60 ian 40 49 
1922 69 54 | 36 
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TaBLE 56.—Summary of percentages of germination and survival—Continued. 
SEEDLING TRANSPLANTS. 


Year of PNcts Survival Survival 
Station. plant- | germina- ee at end of Aver- at end of Aver- 
ing. tion. Be. | frst year, | 28° 1923. Bee: 
Lincoln (high prairie)....|f 1921 rane aes 54 62 23 6 
: 1922 Sta eer tee 70 50 % 
PHilipsburgs sae eles sae 1921 eres iter 75 50 
1922 Recreate hy et 78 ues 37 is 
PBUTITHObON sei stiders a cles 2 f 1921 eres Heats 0 13 0 3 
1922 isthe does 26 5 
Gravel-knoll (Lincoln)...] 1921 Sains Beate 14 14 14 14 
Low prairie (Lincoln)....|f 1921 mate ae 92 68 31 35 
1922 Eicteds naire 45 39 
Nebraska City.......... 1921 ipiets Mee NN eae: 50 
1922 Ber tee ae 59 & 45 oS 


no consistent differences are to be found between the low-prairie station 
at Lincoln, which is really a postclimax stage in the true-prairie climate, and 
the subclimax prairie at Nebraska City, both averaging somewhat better than 
the high-prairie station at Lincoln. The gravel-knoll station, climatically a 
preclimax to the true prairie, excelled Burlington in percentage of germina- 
tion and establishment, but barely equaled it in survival at the end of 1923. 


SURVIVAL OF SOD TRANSPLANTS. 


While the number of species lost at Burlington from the 1920 transplanting 
was the same as that at Lincoln, the individual losses were far greater, owing 
to the transplanting of a larger number of blocks of each species at the plains 
station. The relative losses for 1921 were representative. Losses in individ- 
uals on the gravel-knoll were consistently high, while those on low prairie 
were similarly high, though the cause for the latter was not drought, but 
shade. The losses in the swamp were greatest during 1920, because of poor 
aeration due to an excessive amount of water, while later losses were caused 
almost entirely by the density of shade. While in general the high-prairie 
species were the ones to disappear from swamp and low prairie, no consistent 
loss of individual species occurred at the other stations. Excluding the losses 
of 1923, owing to the very dry fall and winter, the following species suffered 
total loss in as many instances as are indicated by the number: Koeleria 
cristata 14; Andropogon scoparius 7; Elymus canadensis, Poa pratensis, 
Agropyrum glaucum, and Boutelowa racemosa 6 each; Distichlis spicata 5; 
Stipa spartea and Andropogon nutans 4 each; Boutelowa gracilis, Panicum 
virgatum, Andropogon furcatus 3 each; and Bouteloua hirsuta, Bulbilis dacty- 
loides and Sporobolus asper 1 or 2 each. 


PHYTOMETRIC METHODS. 


In spite of the abnormal weather during 1923, the investigation of the 
transpiration of standard plants and sod-cores of native and cultivated spe- 
cies, and of the growth of natural cover and crops, as shown by cut-quadrats, 
yielded results of value in confirmation of those obtained by the methods of 
experimental vegetation. This was especially true of the cut-quadrats, as 
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these also extended through a series of nearly normal years. They not only 
demonstrated the close dependence of grassland and crop communities upon 
rainfall and water-content, but also the intimate relationship of the various 
prairie climaxes and climates. The evidence drawn from germination, ecesis, 
function, and growth was corroborated in large measure by the adaptation 
shown in leaf-structure, though this was more or less obscured by the fixity of 
type in certain species. 


TABLE 57.—Summary of sod transplants. 


ee RRvaE Loss of species (not individuals). 
Station. nie trans- 
species. Blasts 
1920. 1921. 1922. 1923. 

1920. 
Lincoln (high prairie) 13 23 0 0 2 0 
Burling tomes soe veeree er ene ae 9 40 0 1 1 0 
(Graveleknolln el scrie eeerer 11 28 0 0 3 0 
IbOwe jOoeeOas ooo saganceDec Pa 14 28 0 1 4 1 
Sol tetiatirsesccetstcunycheieters evoke ithe 13 17 0 1 i 0 
Ghia Dyncogoucod4 boobcouscoUG an 13 13 7 2 0 1 
Poa zone in Swamp...........--: 13 13 4 4 0 0 

1921. sath 
Lincoln (high prairie)..........-. 15. 16 0 0 1 
UPI Sb OTM yes sean wielies erence we eerie) ore 11 22 4 1 3 
Grape blanelli no  gonene en conse codon 14 18 4 3 0 
IDG eee ray os hbo Oat wo ner 15 16 3 5 1 
SOIRERRS Scie ameo bro come uo oe ices 15 18 0 1 1 
Shesiinynnn cmaccd oon cero on o.0 40k 14 14 0 2 ai 
Poa zone in swamp...-.......... 13 13 0) 0 6 

1922. are 
Lincoln (high prairie)..........-- 26 30 2 2 
IBY allen ooo Od Ow ond ow oo 13 18 0 10 
iGo, OMe Oonsep ao ngs doduooos or 25 28 3 8 
Sete t Mee nal erat terencl somencyezeten 14 14 1 1 
SID Ooctg gd Houde On mane Oe eS 14 16 4 6 


ATTAINMENT OF OBJECTIVES. 


The conclusion seems to be warranted that the general objective of de- 
veloping the basic method of experimental vegetation so that it combines the 
maximum of demonstrability and objectivity has been achieved. While the 
methods involved require further refinement and testing, there can be little 
question that they are prerequisite to fundamental and permanent progress 
in the field of vegetation. The special objectives set have also been attained, 
though necessarily in varying degree, since such problems as those of the cycle 
and of competition will constantly unfold with advancing research. Both 
planting and factor results have confirmed the essential variety within unity 
that characterizes the grassland formation with its associations, and harmonize 
completely with the evidence from cyclic changes and relicts. They have 
further illuminated the relation of seral habitats and communities to those of 
the climax, and have likewise justified the concepts of subclimax, postclimax, 
and preclimax. The essentially subclimax nature of the low prairie has been 
corroborated, as have also the climatic and phylogenetic relationships of the 
subclimax prairie. The evaluation of competition as a controlling process in 
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grassland has been attended by unexpected success, especially in connection 
with the persistence of subclimax prairie in regions of forest climate. With 
respect to natural migration, the experimental evidence lends no support to 
the assumption that single or scattered individuals regularly invade climaxes 
with success, but on the contrary indicates that all such invasion is a mass 
movement in response to wet and dry phases of climatic cycles. The 
demonstration of the phyletic relationship between subclimax prairie, true 
prairie, mixed prairie, and short-grass areas and between the corresponding 
climates in the first three cases appears conclusive, and in conjunction with 
relict and cyclic results will constitute the basis for future research in the 
grassland formation. 
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CLEMENTS AND WEAVER PLATE 1 


A.—Detail of high prairie, showing the luxuriant estival society and 
amount of forage produced in June. 
B.—General view of high prairie at Lincoln, Nebraska. 
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CLEMENTS AND WEAVER 


A.—Misxed-prairie station at Phillipsburg, Kansas. 
B.—Corner of short-grass plains station at Burlington, Colorado. 
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CLEMENTS AND WEAVER PLATE 5 


A,.—Gravel-knoll station, Lincoln. 
B.—Low-prairie station, Lincoln, showing transplanted sods. 


CLEMENTS AND WEAVER PLATE 6 


A.-—Low-prairie station in September showing height of subclimax dominants. 
B.—Salt-flat station, Lincoln; the chief grass is Distichlis spicata. 


f CLEMENTS AND WEAVER 


A.—View of sod transplants in swamp at Lincoln, showing water standing on surface. 
B.—Subclimax prairie at Nebraska City, showing rank growth of Stipa spartea and 
Ceanothus ovatus held in check by mowing. 
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CLEMENTS AND WEAVER PLATE 10 


ae 


A.—Bulbilis dactyloides sod in high prairie. 
B.—Andropogon nutans in September of first season, showing marked growth 
without competition. 


CLEMENTS AND WEAVER 


A.—Calamovilfa longifolia in September of first season, grown in rich silt-loam. 
B.—Boutelowa gracilis one year old, grown in cultivated soil. 
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CLEMENTS AND WEAVER PLATE 12 


Roots of year-old Muhlenbergia pungens (A) and Calamovilfa longifolia (B) grown 
in rich silt-loam; depths of penetration 2.5 and 6 feet respectively. (C) 
Andropogon halli at end of first year in silt-loam. 


j 


=—— 
— 
Sees 
— 
rm ~ 
J 
+ 


CLEMENTS AND WEAVER 


Andro pogon nutans planted in denuded quadrats at Nebraska City (A) in 1922, (B) in 1920. 
Photographed June 3, 1922. 
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PLATE 15 
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A.—Sod-cores and details of installation, Burlington. 
| B.—Clip-quadrat in Bulbilis-Bouteloua short-grass, Burlington. 
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